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ABSTRACT 


Results are given of a detailed study of three spectrograms of y Geminorum taken 
with the three-prism stellar spectrograph of the Yerkes Observatory. 

Wave-lengths on the international system were determined for over goo lines between 
4250 and 4723 A, with an average probable error of .o2 A and a systematic error prob- 
= - <vithin .003 A. Estimated intensities on a modified Rowland scheme are in- 
cluded. 

Tables I, II, and III, containing the normal and the Ti reference wave-lengths and 
the radial velocities derived from the measures, provide the data necessary for a re- 
discussion of the observed stellar wave-lengths whenever improved laboratory waye- 
lengths may seem to make a rediscussion desirable. 

The identification of stellar lines with the elements which give rise to them is based 
upon relatively accurate observed positions as well as upon the more qualitative inferences 
drawn from laboratory data and atomic theory. 

Hy is by far the strongest line, followed by Mgt 4481. Two hundred and seventy- 
six identified lines with intensity >o are due in nearly equal proportions to ionized and 
neutral atoms. Included in the former are Fet, 27 lines; Tit, 36; Cr*, 11; Sct, 7; Cet, 
15; Zr*, 7; Sat, 5; Rb*, 5; Vt, 4; Mot, 4; Mnt, 4; Mgt, 3; Pr*, 3. Among the latter 
are Fe, 42; Ti, 17; Cr, 17; Mn, 9; Ca, 7; V, 5; and Ni, 4. Other elements which have 
measured lines are Al*, Ba and Ba*, La*, Bi and Bi*, Nit, Ru, Pb, Nd, Y*, Cs*, 
Eut, Sb, and Er. Pt, As, Os, Ho, and Yb seem to be absent, while Gd*t, Zn*, Te, Sr, 
Nb, Ir, Co, Agt, S, and Cl are indeterminate. About So “distinctive” lines are present. 

There seem to be no appreciable relative displacements between lines due to neutral 
and those due to ionized atoms. 

This and similar studies of typical stars of each spectral class will remove most of 
the uncertainties attached to the assignment of normal wave-lengths to measured lines 
for the determination of general and individual displacements. Many important prob- 
lems in which the fundamental nature of the results become significant, particularly 
the K-term and associated results, such as the rotation of the galaxy as derived there- 
from, are inextricably involved. 


The assignment of normal wave-lengths to measured lines for the 
determination of general displacements of stellar spectra in the 
routine of radial velocity and wave-length determinations is usually 
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attended with more or less uncertainty, owing to our incomplete 
knowledge of the components which may be involved to form the 
blends. This is true for all spectral classes from A to M. The ap- 
parent simplicity of the spectrum of class A is somewhat illusory. 
Although the enhanced spectra of three or four elements are quite 
prominent in class A they do not dominate the spectrum as com- 
pletely as at first they appeared to do. Many of the stronger lines 
proved to be double, the components being due to neutral or ionized 
atoms or to both. Moreover, a somewhat detailed study revealed 
hundreds of fainter lines in even the short region of spectrum usually 
photographed with three prisms which a cursory examination had 
not disclosed. Thus, the simplicity of all measured lines becomes 
somewhat uncertain and cannot be assumed a priori. 

It is true that when many lines are employed for the determina- 
tion of general displacements some of the effects of duplicity of lines 
are minimized, owing to the fact that they then assume more or 
less the character of accidental errors. The situation is nevertheless 
unsatisfactory even when only general displacements are concerned, 
because under such conditions the underlying basis is not estab- 
lished. The effects of duplicity assume an unusual importance in 
problems in which the fundamental nature of the results become 
significant. 

A detailed study with the dispersion of at least three prisms of a 
typical star of each spectral class would constitute a very material 
aid in an intelligent assignment of normal wave-lengths for radial- 
velocity determinations and related problems, and for various 
studies concerning conditions in stellar atmospheres. For example, 
the reality of the K-term, which has received several different inter- 
pretations and which was employed recently in a very interesting 
paper as evidence for a rotation of the galaxy, being a by-product 
of radial-velocity determinations, is intimately tied up, among other 
things, with the sets of normal wave-lengths employed in the reduc- 
tions for radial velocity. Next to class G, for which important inde- 
pendent checks are available and for which the K-term is practically 
zero, class A is perhaps the most readily amenable to treatment, 
owing to the relatively greater simplicity of its spectrum. 

Below are given the results of a study of the spectrum of y 
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Geminorum, of class Ao. Spectrograms taken at the Yerkes Observ- 
atory with three prisms were kindly placed at the disposal of the 
writer by Director Frost. They were measured with a new Gaertner 
spectro-comparator, with use of a daylight lamp as a source of 
constant light for the illumination of the spectrograms. 

Tables I and II give the wave-lengths for the stellar and the 
reference lines, respectively, which were employed in the reductions 


TABLE I 


STELLAR LINES EMPLOYED IN THE REDUCTIONS OF MEASURES 



































Normal No. of | Normal No. of | Normal No. of| Normal |No. of 
ny Plates ny Plates || ny Plates | r Plates 

4 | 

4287.406... I 4351.908:..<.1 3 | 4449.143....] I |! 4548.004....| I 
4290.222*...| 2 4352.740....| 2 || 4450.487*...] 3 || 4549.593....| 1 
4294.123*...| 3 || 4367.657*...| 3 || 4451.58..... 2 || 4553.96..... 2 
4204.78.....| I 4374.405...-| I || 4453.707....| 1 4555.904".:..1 3 
4205.755-.--| © || 4383.550"...| 3 || 4456.334..--| 1 || 4558.654*...) 1 
4296.56*....| 2 4956.90°....1 3 1 46g8-G4:.... r || 4563.757*...| 3 
4209.141... 2 4386.858*...| 3 || 4404.458....| 2 | 4571.070°...) 53 
4300.052*...| 3 4390.977....| 2 || 4465.807....| 1 || 4576.31%....] 3 
4301.928....| 1 4391.755..--| 1 || 4468.493*...| 3 || 4583.838*...| 3 
Pee. ee ae 4366:036"...| 3 1 4469.385....| 1 || 4588.206*...| 2 
4307.862....| 3 4395.848*...| 2 } 4470.129....| I || 4589.961*...| 3 
4312.866*...| 3: || 4399.770*...| 3 || 4476.024....| 3 || 4592.056*...| 2 
ri? ee. I AAEA: S4s sss. I | 4481.229*...| 3 | 4616:0287;..:::.4 3 
4314.979*...| 2 QATS 124" ...1° 3 | 4488.319*. . .| 3. || 4618.763*...| 2 
4316.807...5:) 2 4416.81..... I 4489.21..... Ig | 4629.327*...| 3 
4920.75.50: I 4607. 718"....] 3 | 4491. 399"...| 3 || A032. 86 55 8 I 
4396.07.25. .| 2 4418.340....| 3 || 4501.269*...| 3 | 4634.076....] I 
Pe ar 4421.949*...| 3 |, 4508.287*...| 3 || 4666.207....| 1 
Aa96.00:....1 1 4420.055....| I || 4515.337*---| 3 

4337-915..-.| 1 || 4443.799*...| 3 || 4522.630*...| 3. || 

4340.406*...] 3 | 4444.207....| 2 | 4533006...) 3 | 











 *SeefootnotetoTableIl. —™” 
and which therefore form the basis for the observed stellar wave- 
lengths. The indicated number of plates for which each normal and 
reference line was used may, without danger of the introduction of 
appreciable errors, serve as a weight in discussions contemplating 
readjustments of the system. The list of normal wave-lengths could 
readily be somewhat improved for future use by omitting some lines 
(such as 4295.7 and 4299.1) and by changing the wave-lengths for 
lines for which this study indicates improved identifications. In re- 
ductions for which practically the entire list of lines is employed, no 
appreciable gain would result from such a revision, but when only a 
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small number of lines is to be used the result might be quite ma- 
terially affected. For the few strong apparently double lines it is 
usually possible to find probable identifications for the components, 


TABLE II 
WAVE-LENGTHS EMPLOYED FOR TITANIUM REFERENCE SPECTRUM 






































| | 
OBSERVED | | OBSERVED 
d l | : d se 
EMPLOYED ; =MPLOYED r 
r da Intensity || iets r —s Intensity 

pee 
MRT EE OS tse foes So cabo ecas us I 44555320. «025 .316 3 2 
ae aera 26 hee way clcacctews | Y |heage74ey...... . 429 3 3 
4286.006...... .OII 2 | 2 | 4464.458...... .467 2 I 
EGO0 2078545. 5. .080 2 2 AAG’ BOF. .5 55. 811 I I 
£29902002. 33. «| 5231 3 6 4468 .493...... . 486 3 15 
4204103... .... .088 3 6 At 2EO.. . ss . 249 3 2 
4295.751...... 747 oe oe 4488 .319...... 311 3 3 
42908.666...... .671 as 2 4489.089...... .069 2 I 
4300.052....... .042 s- 1.8 faeebiaeb:..... ES% 3 ° 
A303 ORD... 067 Pe | A507 200... <.. 273 3 12 
4301.928...... 925 3 | 2 4529.934.....; | .728 3 2 
4305.910...... 908 3 8 | 4518.024...... | .023 3 4 
4307-302. ......: .873 3 | 4 |] 4§22.797-...... | .799 3 4 
Oy ee .877 S S Be WeegeeoSek ens... . 307 S 3 
43205005... <. | .967 a | © ‘46gs.066...... .968 3 7 
BSS7 OES: 2... .916 S | © Beeeeet.. <5. .791 I 6 
436% 200... . 5. .372 s | © fuggeg-G@o...... .699 % I 
|) re . 282 2 | I HN .£560:024.. 5.5. | .636 3 14 
4367-657. ....:. .666 3 | S sh neS52 454... oe. .441 3 3 
Pt be ere .822 e | «© OSC .488 3 3 
BID0LESO..... 02 . 860 zg I || 4503.757...... .735 3 IO 
43904.057...... 045 1 | oo | 4571.970...... | .973 3 14 
BS05 (050. . i... .O13 3 Pas 1 4500.00: ......... | .953 2 I 
43909.770...... 771 ‘-.7-@ | 4617.270...... 270 3 4 
4404.316..... 310 at ee 4623).008:.... .< + IOI 3 2 
4411.080...... | .060 3 | 2 febepee...... 339 2 I 
4417.718*..... \-ea}*s | @ |ieheg-nee...:.. eS ae ° 
4427008. ...... |} -104/ 3 | 4 _ || 4656.468...... 465 3 2 
4443.79090..... , oan} 2 | 12 | BOOT. GOS. 060 . 587 3 3 
BAAD TAS 6 oon os | . «546 ae ee ee 4681 .g09...... .go8 3 4 
4450.487......| .478 I | 4 |) @O0%-934.....:,. 340 2 I 
AABO SOS. <6 | .928 I 2 | 4058. 9703..'... .. .776 2 I 
A453.900...... . 330 I | 2 | ros oy |.) are .154 I ° 
PS es .695 ue | 

i 


* Close Companion toward violet. 


which in most cases are of unequal intensity. However, the possi- 
bility of a reversal is not excluded, where, as for 4303.18, the best 
accordance is found in the observed mean position. 

In the derivation of stellar wave-lengths it becomes necessary to 
remove from the measured positions of lines the systematic displace- 
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ments of the spectrum, all of which may, as is customary, be in- 
cluded in the radial velocity. Table III gives the radial velocities 
and other data concerning the three spectrograms which were em- 
ployed. The first line gives the displacements which were actually 
employed. The revisions indicated in lines 2 and 3 would produce 
systematic changes in the observed wave-lengths of +.001 and 
+.002 A, respectively. 

Wave-lengths on the international system are given in Table IV 
for over goo stellar lines between \ 4250 and A 4723, with an average 
probable error of approximately 0.02 A and with a systematic error 


TABLE III 


[ee en Se ee i rte B 236 B 249 | A 486 





EN OO RE, Gane ne EE MIRE, ea ee OOE PR TRE Aa! Cramer Cramer Seed 27 
Crown Crown 
Pte CGT BD os elcid ceca aleeuwecev es oats tgo1 Nov. 1901 Nov. 1904 Dec. 
15.748 27.767 6.940 
km/sec. km/sec. | km/sec. 
Displacement Used... «.oc:: 6 ceaiens cance. — 35.38 —31.39 | —18.6 
Displacement obtained from 43 selected 
[Re Rare a ee ee eek Be cee — 35.36 — 31.66 —18.54 
Displacement from 39 of the 43 selected 
RUMI nso gate tie a rate: Pee og a Matthaer ahs — 35.36 — 31.60 — 18.80 
Reduction to sun: 
Berge ess aad Re OEE see a +20.70 +15.81 +11.45 
ig, peg Ee Pe nee We ety Bea, + 0.23 + 0.14 — 0.25 
Ghar VElOCIN occ. Sotduccs cineodoenns —14.43 —15.65 | — 7.60 





_ _* Omitting 4 lines which were measured on less than three plates. The 30 selected lines are identified 
in Table I by asterisks. In deriving the radial velocities from 43 and 39 selected lines the normal wave- 
length of 4618.763 was changed to .79. 


probably well within 0.003 A. Owing to the large number of lines 
(81) used in the reductions, the presence among them of a moderate 
number of the blends with appreciable separation of components 
does not materially affect the system, as is demonstrated by the 
random distribution of residuals for 64 additional lines which had 
not been employed in fixing the system. The mean, weighted ac- 
cording to the number of observations, of the 64 differences “‘stellar 
minus laboratory wave-lengths”’ is less than .oor A. 

The recorded intensities in Table IV, which are the means of 
visual estimates made at the times of measurement, follow roughly 
the Rowland scheme except that, in conformity with recent practice, 
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TABLE IV 
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+ GEMINORUM 
PxaTEs B 236, B249, A486 


LABORATORY 

















ae fy r oa Inten. | Remarks \, Element, Ete. 

oo ay | ae I 2/h .13 Fe 

PC  ) I 1 | h,modn .79 Fe dist; .68 Mo* 

APSTOOE 6s i:0 I Dee oN UR ereneien meme etn alee acre eb ioe 

| ae I y | mek .48 Pr 

oe) ee I 1/n,h .7 Mnt; .75 Gdt; Ti 

252206 4.2 5. I o|n,h .92 Er 

$288 BS oo 050: I o|/b,H 45 Ndt; .30 Co 

BOE O8 5 cs soc I 4|b,H 6 Cr* 

Se ee I 10 | v.b, H, several lines | .34 Cr, dist; Fe; .42 Ho; .43 Pr; 
| -73 Cet 

Pee Ee I om ae .79 Cet; .85 Fe 

re | I o | absorp near .33 Dyt; .40 Sat 

hOeO- 72.2... I 1|H .69 Ca 

Pe ae I I H .66 Mn 

APES TS. os: I 3 |b, .16 Fet; .04 Zr* 

4258.49. ...-. i=: | Fe? 

AGES OF 6 20s I I/n .95 Fe 

re, I I | b, d? H 15 Cr; .26 Mn* 

Fe ee ee I 2/b,h .64 Bit 

SAGGREAS ...<.:. I 4 | b, H .48 Fe; dist 

A264 08.6... I 3| b,h .go Crt; .og Gdt 

4202.65.....:.. 1/— 1|H,p .68 Sat 

4202.05... ..: I Se DO errs etd os sca aia eieee 

4264:69...... 1/— 1} H,p .72 Fe; .68 Cs(*?) 

4265.08; ..... I o | b, def, p 88Yt; .89 Zrt; .07 Sa; .08 Sb 

BBOG IOS 5 6.04: I 1 | half, p .92 Mn; .23 Ti 

4206250... .. 1/— 2|H,p .62 Rbt?; .x0 Zrt 

ae” Cee I 21H | «1 Ct,d 

a Ak I rie (Ie 60 AES RM a SOR eR goer 

Pye ¢ ae I tr) | 83 Fe 

S965 .08 i. 53% ie Tas) ee | | og Ir 

ae Et 2 " ae Seoeran iy oats meek 

AOOS.§S...0 004. I I | 3 |f.64 

4268.78...... I ° | h/merged 1) 75 Fe; Gd 

£20600: . ois: I r | hj 1 12 Pr 

4269.19...... I o | h>merged 4.30 Crt 

4269.39...... I I | J ||.30 W dist 

Py re I o}h | .51 Lat dist 

4269.96...... I 1}h | Cr 

ee + ee a | «tg 24; .296°Ce* 

ABIOLOT oo 6 ov r/ «jvm | .7 Cet dist 

Pai) oe) I 4 | v.b, H, several lines? | .16 Fe and ? 

gh re I 6 | v.b, a | .77 Fe dist; .87 Ca; .64 and .96 
| | Fe Pred ? 

4272.70...... I 1 | b, H, p | .84 Hft; .o Cr 

St ae I 4.) |(.18 Rb+? dist 

Pe ey “a freee | 3d,H 1, .31 Fet; .31 Ti 

4273.86....<. I 3 | H) \.49 Zrt 

yo) Oe ree I o|/H | .4 Mot; .41 Ti 

4274.62...... I I H, | 59 Ti 























—e 


RII ge 
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ET eee EI; 
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TABLE IV—Continued 








7 GEMINORUM 
PLaTEs B 236, B249, A486 





No. of 








LABORATORY 





A, Element, Etc. 














a 2 » Diatas Inten. Remarks 

AG04 FE Si I o | H,p .80 Cr dist 

BOIA OF oo-6 0s I 1 | H, v.p | .og Nd; .11 Cu ? 

ARTE FO. 6 5.5 5:5 I o}|h,p | .§6:Cr">.66 Ear 

re oe ae 1 |— 1 | v.n, real? 1 Cst? 

AGIS: 20 5.005685 I 2|p | .13 Fet; .23 Fe, Ti; .28 Ca 

4278.43... 1/— 2|/H | .54 Tb 

4298.96. 66 0s I o | n, def | .68 Mn; .7 As; .80 Ti 

ADIG-OD 50 <3 3 1/— r}/n,H | .0o Crt Pred; .04 Mot 

4280: 30: 6.6 5s I EE Eecke | .34 Crt Pred; .20 Zr; .27 La; 54 
| Gd 

4280. 70s.00 66. 1 |— 1 | H, v. indist, p | .79 Sat 

ra eas ae a Cee ve not m | .08 Cr* Pred; .10 Mn 

re. re I ° if.06 Tht; .20 Zrt* 

PO 1|/— 1] h, half /mersed 1\.48 Mnt 

rn eee I o | H, poor; B 249 | .or Ca dist 

ae I 1 | B 249 | .12 Ba dist 

4283.36...... I 214 SE Pe eR ee 

40074, 66... s., 2 o;p | 80 Mnt 

ee eee I r{h | .20 Crt; .o9 Mn;. 06 V 

Pe Ne) ee 1|— 2|H,p | .40 Ca; .50 Ndt 

4284.04. <6%.. I |— 2 | n, absorp to vi | .98 Ti; .97 S 

ASR TRE 4 5 ae I 2 | half; real? .37 Ce* dist 

pS I rj 2 | .45 Fe 

A98S.08 2 256 I I | .83 Fe; .o1 Tt 

4286.44...... I 2|b,h,p | .44 Fe; .49 Zr* 

r}. 0 e ) ae 1 |— 1 | v.n, real? le ss ahd yh Mc eekcndekeseekuy pene 

4260;67<...... 0: I o/n | .g9 La* dist; .98 Fe 

4287.44.....%. I 1/n | .44 Ti. Forbidden Fet not re- 
| quired 

PA I o/n,h | .58 Fe 

re. ae I o|n,h | 89 Tit 

ABBE Go oskd0s 2 o|b,h | oo Rbt; .15 Fe, Ti; .or Nt 

pC). | 1|/— 1]|h,p Cr; .4 Cst? 

4288.65...... 1 |— 1 | p; B 249 |(.65 Mo; .72 Rh 

4288.80...... I 3 A 486 |; .80 V* 

4289.05...... I 2 | v.b, H; B 249 ||.07 Ti; .95 Cst; .18 Zr*; .96 Fe 

4289.302...... 2 1} 2,5 |(.36 Ca dist 

re. ee 5 bb, h, p | Setting on mean 

4289.76...... 2 2 J |\.73 Cr dist 

4280.95. ...... I 4 | .92 Ti; .93 Ce* (each inten. 2+) 

4290.127..... I 4 |(.22 Tet; .12 Ca 

4290.265..... 3 7>| d? dif |{ Mean 

4200.370....<.. I 3) 1|.38 Fe 

re. I 7 | «51 Fy" 

4290. 732..... 2 2 | h, indist | (.87 Fe) 

p> ee I tr} od | .93 Ti 

$467 .26%...... I 2|H | .2u 7% 

ye a ae I 1 | H, indist | .47 Fe; .56 Ge 

4201. 745... 3 2ih | 2 ¥e.7 CH - 

4292.032..... 2 I | .98 Cr; .13 Fe Pred 
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TABLE IV—Continued 


=MINORUN | 
yy GEMINORUM LABORATORY 

















PLATEs B 236, B 249, A486 | 
| | | 
r | 
Grant » Bo Inten. | Remarks A, Element, Etc. 
Pipe en ae ae 
4202.258..... mow .28 Mnt; .29 Fe 
4402.53. ..-.. I ee ta NS en meee hts. 
4207.98 ......:... I Sate COMIDNT HOG ANON hi 5.0556 ck cee eh cds ex es 
4202-073....- 2 °o | v.n .o Zn 
4293.089..... I tr} O12? 243° Pr? 
4903.503..... I 4.| 8 Cr: ..so-Pre 
4203.912..... 2 3] n) (.o9 Rb* dist 
4294.090..... 2 7 rd, vi, ftr {Mean 
4204.159..... 3 5 f | l.13 Fe; .11 Tit. Fe prob more 
than 2/3 of total intensity 
4294.486..... 2 r} nh 425? 
4204.775..... 2 I 78 Sct 
4205-040... I o | n, prob real .o2 Dy 
4205021. 0.35. I I ER Leary oe eee 
ae, a I I | | SLRie sap aie ntulareiMevevsace tee hala 
4405.503....<; 2 I b, d? ).61 Ca 
4906.00)... «...% I I >| 75 Ti; .76 Cr 
4205-054..... 2 I 1 26"; 05 La” dist; .o7 Ce'; 
.go Ni 
ce Oe I o|n 12 V 
4296.436..... 2 ie. °. > 0a.” —> ) Bikoetepseerr deen ndea: 
4206.530..... ce 37| h, prob d 1.56 Fet; mean 
4296.632..... 2 2| |.68 Ce* dist; .74 Zr* 
4207.793..... I a A | .72 Ru; .75 Pr* 
4208.425..... 1 |— 2] H, indist .4 Zn 
4298.929..... 3 I .g9 Ca dist; .go Zr 
4299.138..... 2 2 | h) (.14 Ti; .24 Fe 
4299.238..... 2) ame >d, merged { Mean 
4200.432..... 2 I n| l.4 Ce; “4 As 
4299.768..... 2 s15 (.7 Cr; .63 Te 
4300.036..... 3 8 >blend ; Mean 
43007001 ..:. ..... I 8 | HJ \.o5 Tit dist 
8400-300... ... * .33 Cet; .22 Mn* 
4300. 522..... I h .56 Ti. Cs not required for obs. 
inten. 
4300.834..... 2 2\h .83 Fe 
4301.018..... I o | n) (.08 Ti; .97 Ca; .10 Nb 
A308 240.5... 2 I d? h ; Mean 
4301.244..... I o/n |.2 Cr;'.34 VT 
BAO" S35... ..5+ I o|n,h .54 Ca 
BEOE FIO 5 5. 3 2 |g] (.78 Zrt 
asor-3o0:....; 3 4 rd ‘Mean | 
4302.001...... 3 2 » \.93 Ti*; .o8 Bi*; .12 W distinctive 
202-487 << --- I 1 | d? .53 Ca dist; .30 Y 
42303.070..... 2 3) feaseiis tens teens ts cae evens 
BsOt BO... «4. 3 4;| d,h 4.18 Fe+; mean é ) 
4303.348. 2 2) ER IC Se re Cee 
430%..696. ..:< I o | v.n; real? .59 Tit? .61 Nd* dist 
A303. G82. 5:0: I 1/n .80 Ert? 
4308:086........: I aa i 2 Gar | 











| 
| 
| 
| 
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| LABORATORY 








agree r st Inten. Remarks r, Element, Etc. 
4304.230..... t= x.) wats Baas. bok heaped cane gd ear age maees 
4304.381..... I o | H, def; B 236 .34 Zn*; .47 Nd 
4304.629..... 1 |— 2 | v.indist .55 Fe 
4304.985..... I |— 2 (.o Ra; .o K; .14 Cet) 
A308. 9607... <.6:5: I I ,{; B 249| aan , 
4305 . 507 I t:) Fis 246. { 46 Sr* dist; Fe, Ti 
4305.766....... 2 o | h, indist 71 Sct; .80 Pr“ 
43060. 236. .... I OR ae @&8 -bimed teed hapedentaree acmekaenns 
4300. 562.2... I 2 | dif 58 Fe; .73 Cet 
4306 .936..... 2 r})e .o Crt 
6307 516... 6.6. I I] n .59 Ru 
4307.898..... 3 6|b,g .86 Tit; .o1 Fe dist; .74 Ca dist* 
4308.300..... I 1 | 2 | (.18 Bi 
A308. 492s «.0:4.- I I >sli. b, p |; Mean 
A908. 590% 2 6. I I H) \.54 Ba 
4308.926..... 2 o}|n .92 Zr*; .02 Sat; oK 
4300. 109........- 2 fe) .04 Fe? 
4300-538... .:<. 2 1 | h, v. close d? .38 Fe; .62 Y* dist 
Pile) hy, ee I o|p | .74 Ce 

Pate csetcir aye § Een cls bavi anaee | Non-measurable lines 
4310. 96.....2.«:. 1 |— 2 | H, indist | .78 Fe; .60 Ir 
A325. 0126 oc. 2 1 | b, H, dif .06 Mot; .o5 Agt? 
AgIt. 326... «+. I I .32 Nb 
ASE: 800.5... 2 1|h .66 Mot; .53 Fe; .65 Ti; .5o Ir 
BABE BURG occn I sib, poebbvend 0 bis kwetsuseccuscavatavenpneigns 
4312.654...:. I 2) 55 Mn 
4312.875..... 3 5;| seems d a cx xk hw ies aa eg ae ee 
ACER: OF Sa 5 «3 I 3) |.86 Tit; (.04 Fe Pred) 
4313-3490...-. ri- 2/Pp .4 Co 
ri) a re I re ere rere re oe 
PEN eS. ee I ae 9 V 
SUIAETS <2 3 4\f 22. Se" 
A354. 420.6 I o | h, f; B 249 .34 Tt; .32 Sé* 
4504 GBS, 5. 1 |— 1 |B 236 .50 Nd*; .6 Sb 
ATH GAO ys ..% 1]— 1 ]|v.n 80 Ti 
A398 0105. cs 3 4 .98 Tit; .o9 Fe. Fe contrib- 
| utes 1/5+ 

433S..206..... +. I a iE 0c" Seles orgy eater es 
4315.004..... I SRT: «=  lieigcdg ie rhea cece cttas tec wate hi @candeetimeeetmnmnets 
4310-054... ... I 1|/h | .05 Gd 
4316.327..... I eT es | 22 Vt; gz 3 
4316.888..... 2 2 | .81 Ti; .96 Yb 
Pe i ee , See 2 r|}h | .16 0 
ye Ge Se 2 t/h | 352e" 
Py A «| I 2|\ 8 Pievatns eeaalencecd ich a aie Qleat lecs 9 oean aoe 
Mate. 370. <<. I o/n PRC OO i MR ce: 
ASIS. G72. 2... 2 rin | .63 Ti; .65 Ca dist 
4318.844..... 2 o/|n,h | .9§ Se"; 85 76 
A310, 100. ..... I r |b | ror? 














* Approximate intensities: Ti + 4; Fe, 2; Ca, 1. 
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PraTEs B 236, B249, A486 


- GEMINORUM | 


LABORATORY 








ae x Ws r io. Inten. Remarks d, Element, Etc. 
4310:.480. ....~; I @: [Ret .46 Fe Pred.; .54 Ca 
4319.783..... I 1 | H,p (.65 Cr; Ot; .88 Ru) 
4320.096..... I e hap, ft .98 Ert 
4390:394...... I o|n,h .36 Fe; Co; Se 
4320.716..... 2 4| (.75 Sct; .73 Cet; .6 Cr; .67 Hf* 
4390.790....». 3 PREM = HR ne ee uate lareca's bie eraeNe ws 
4320.940..... 2 2) .o7 Tit; .88 Ru 
AZQU. SIDS Gos I ol|n,h 54 Ca 
4397-938. 5... I 4 .66 Ti; .80 Fe 
4322..000.......: I 1}|n,h .o2 Vt 
4322.212..... 2 o}|h | 22 7% 
4322500..... 2 oj/n 52 Lat 
4209-902... 2 Sere 0 Wiaara DB ie a's plane wid rev epe ews rare ae 
4323.014 2 o|n,h Nc en eh deen apie ewe dn RoR <a 
W494034... 0+: 1 |— 2] v.n; B 249 | .29 Sat 
4323-3900..... 2 o | h; B 236, B 249 | .37 Fe Pred; .5 Cr 
Ct ae) ere I o|n,h Re re Pn eee reer nna Mirena ae 
4324015... = I o|/H BP st Naw SE ards leterat te Titcraie eae a iota 
rey oe . ee I rinjh OE EL OE ee ae See ene eae 
43945960... « I o|H | NT ee Ny oe ee 
4324.984..... 2 1 ah ye | | .00 Sct; .95 Fe; .13 TY 
4325.520..... 3 2) |(.36 Ni; .62 Ni 
4325. 704. .... 3 5} d, merged ,.66 Gd 
4325.815..... 3 3) |.77 Fe dist; Nd; Ot; .82 Tb 
4926077... 1 |— 2 | H, indist .14 Mo 
4326.405..... 1/—1j;n -35 1% 
4326.626; ..5. 2 o}h .7 Mn*; .76 Fe 
4226.010. ..<: I Oe ae | Abeer imsieninareoe es 
A327..204. 2 0 I rj} h .1 Gd*, Fe 
4327.918..... I o | h, def .0 Mot; .93 Fe; .93 Ndt* 
4328.280..... 2 |— 1 | h, prob real Bit 
4328.520..... 1 |— 2 | real? so haat 
4320.050..... I 1 | half; B 249 .03 Sat 
4390.220...... I t | Had .22 Ca 
44200$82..... I o|/H | 55 Fe Pred 
4329.880..... 2 o|H pict fete  ehnee Main sé en veces a ea’ 
Pee ee I Filo | .aCst?> 26 Ts? 
ST a ea (ARR) met not m, absorp Cet 
4330.813..... 1 |— 1 | b, H, dif .71 Tt*; Ni; .96 Fe 
Se 1j/— 1/h,p | .5 Rbt?; .42 Nb 
4331.642..... 2 o}|n,h | 56 Vt; .64 Ne; .75 Vt 
Hast .Oat... <. I BAR eh! | AR eo eene Beideane tea Susie Gren aero Waa 
£322..200...... I 0 i i: Fore er ire err er ear re tree rere en 
339-664... <. I o/n 57 Cr 
OE Sime eee feces Sat awnlie warms sg RODE 
TO 2 oj/n (25 Zr 
4208 523. ...6s I sees] Rea wh cnt hg sc uipiig-n g Aes Se 
4333-586. 2 |— 1>| H duplicity doubtful | OR Ee ere eee 
4333-699. oh 5 .77 La* dist 
4333.062..... 2 o | H,p | .98 Prt 
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sEMINORU} 
— coe Wasa, hale LABORATORY 

Chegenes » at Inten. Remarks d, Element, Etc. 
ASS4 ADO 3: 2 Oi. «sss AR cake lense trot tite 'o aar arte anne rear 
4324; 799... <5 2 olh .87 Cet 
AGAS OFF a os: I o|H .97 Lat 
re a 1/—1r/h EE REE Cee treet Se 
4396. 683-66 6. I 2\h,f .74 Pr 
4330..086... »:. I a0. 5 ————iét A ede ce o eb ad- Soi c d ganah ae 
AS96346 2). 5 I 1 | n, curved .25 Cet 
4330.620..... ¥ 2)n, Bg .62 Fe Pred; .65 Hft; .7 As 
4927 OUT oe ci: I 2|b,H .o5 Fe; .86 Ot; .13 Nh 
AS87 ABB ccs 1 |— 1 | slib, H; B 236 .4 Mn; .32 Tit 
4337.580..... I o | B 249 (.57 Cr; .60 Zr* 
4337.700<..5- 2|— I v. indist 4.76 Cet 
4337. 860; ...<. I °o | B 240} l|.g2 Tit 
4338.039..... I GOT Rs6- i ‘ibkenatedweithvcnesseevecemeawear 
A338. SAF os os 2 o}| b,p .27 Fe; .44 Tb; .48 T1 
AS38629). 6.65: 1j/-1j]n .69 Prt; .71 Nd* 
4338.906..... 2 o | h, indist | .84 Fe Pred; Mn 
4339.212..... I 1 | v.h | .2 Fe; .32 Cet 
4320.668. 2... 2 a | .72a Cre 53 ZF"; .64.Co 
4320.004,..... 2 2 /:03 Ti* 
4340.274..... 2 || rs . ER Se eee epee 
4340.443..... 3) ot aP || Hy 

id pearance may be sey ead inhi 

4340, 562...» 2 10 | dian: Gis otra ail || -6 Bit; .67 Ra 
4340.782..... I 10} 8 Jie | PERRI eR Rey 
4340.926..... I 1) ti wale tes Biget: bios ons ks c cnce dase eetoeeenee bs 
ASAT .080. 600 I 2 | B 226 Board's tape laipieiaie oi oleae ate eaten 
APAT 282). 5<ts 2 (ao | .37 Tit; .23 Fe Pred; .25 Gd 
Pee) eee I zs } mee | a ale: win chat dtans IS elds ara eee as 
ASAT BOE « «2 1 |— 1 | v.indist Divi. ste Mae vice ee 
4342.220....- I o | slib, h | +24 Zr‘; .18 Gd* 
4342 .002..:..<. E pm 3H | Gogo 
4342.665..... 1 |— 1>| d? B 236 | PEEP 
434284. cos] is 1} | '(.85 V 
4342.084...+- Fl @.0 see Baeg -  fesadltniisccmeusecencucseeee 
4343.167..... I a | .18 Cr; .27 Fe 
Pere) ee I 1 | def, p | 59 Ces .7oFes CE 
4343.928..... 2 “a | .o2 Mnt* 
4344. 271 a bins 2 Migs) a ee 29 Ti*; .32 Prt? 
AZAA<SIOw 6.» 2 ri .51 Cr 
4345.068..... I 2| .o9 Cr 
PO ey ae Piet 0Cti‘(i‘“‘(‘i‘s‘i:*C*CS«*‘C eee zens IG ace can 
4345.480..... 2 o};h | 67: OF 
4345 .830....:,- 2 1 a | | .87 Sat 
AAG. BG sx icss 2 ri | aaa 
4346.604..... I 1 |n,h .56 Fe; .60 Ti? 
4347.440..... I oP Ep | 43:07: .47 Pr 
4347.806..... I rE. | met | .80 Sat; .85 Fe; .88 Zrt 
A348. 200). <i... 2 re} Dy i .3 Rbt*?; .32 Fe Pred 
4348.588..... I oj; n .43 Mn* 
4348.974..... I O | h .94 Fe 
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| 
Cneret d cao Inten. | Remarks | r, Element, Etc. 

4340121 ....... 1/—1/h Rr en ee 
4349.478..... 2 o|H .44 O 
4349.798..... I 1} .79 Cet; .70 Ru 
4350-014... .; 2 r|\ 97 Vt 
42505990: ;.. 2i-1/H .38 Ba dist; .34 Mo; .40 Pr 
4350.654..... 2 I . -59 eee 
4350.950.... «. 2 I 4 72t"; .06.Cr 
361.203; ....; 2 o|h (-23 Nd*; .38 O*; .40 Pr 
4357 .636..... 2 2| (+55 ~~ .60 eo ; ” 
S255 900... 5s I 4| |.77 Fet; .77 Cr may have inten. 1 
Pe ae 3 7;| Practically merged |; Setting on mean 
4257.650.... . 2 4 |:94 Mg me; a8 Pr* 
A652 057 ..... I ° |.1 Mg; Sa; A: 
BSE2S90....... 2 o|H (2903.33 -Y) 
AtS2 686... .. 2 2{/n,h .7 Ce dist; .74 Fe 
4253.980..... I o | n, grain bad Boy Nese aras Braet ERS os Seine 
4064.460.5... 2|—1/n,H | .39 Lat 
I? et 2!|— 21H | .62 Sct; .76 Fe 
4355.656..... 1 |— 2 | v.n, real? | .65 U dist; .7 Te 
MS5SORE........ I |— I | n, seems reai | .or Nz 
4350: 350... . I |— 2] n, seems real .07 Mot; .1 Cr 
4356.388..... Bile WMO TERE 0 foe cc ealeible sa vc eee 
ASST. 12... 5 5: I o}|h .15 Fe polar 
ASE ASB. 5. I Y est | «52: Cr 
4867.930....- I oj n Bere ¢ 
4250-002... .. I im .20 Ndt 
4358.268..... I 1|/h | .3 Mot; .34 Hg sensitive 
4258.01%..... I o/h | byale: 72. F° 
4358.904..... 1|/— 1|H | becrasspateng sea) sieeieiare sem cris sa ate 
4359-642. 2/—1/h | .6 Zn*; .63 Cr; .74 Zr* dist 
A207 .127'..... 2 6.) 8 | .06 Co; .20 Ru 
£269 (S29... 553 I o | | 6 Cet 
4362.081..... I o|b,H | .os.se's x0 Ws" 
4262.003..... I o/h .98 Pr 
4363.370..... I 2\¢8 | 3 Cs(+?) 
4263.642....... I ° | .65 ~ 
4363.852..... I r bot merged for ¥* 

»P H\ cone ee 
4304. 124 Rieke I I ia | : A A 
4304.414..... I 2 a | Cst ? ; 
4204.770..... I | - ‘ 65 C et dist; .66 La* 
4305 .152....... 1 |= 1x | n,Q, reale | «3 Den 
4366.482..... I I | h, curved | .36 Nd*; .45 Zr 
A300.037...... I|-— 1 * p | 95 Ae, 9 ne .gt O* 
A307.505 «5... 2 2 1(.66 Tz*; .58 Fe 
4267.656..... 2 4 d, h, merged EA ihe Be rai o0 fal ena ve ay cn ub Big 
4367.892. .... 2 I -! | ees wig 4 , 
4368.206..... 3 I | -20°0Ne: 33 £9" 
4268.43... .. I o | h, indist | .44 Nb 
63005333... I o | H,p | .41 Fet; .28 Ot 
4370.448..... 2 o | h, indist .3 Au ? 
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Observed 
I.A. 


| 





| 
No. of | 


| Plates | 


_ 


BPR NR RR RD Re RHO ND ND ED SHR RD eR ee RR OND ORO NR RO 


NNW NW HH 


Inten. 





Remarks d, Element, Etc. 
p .95 Zr* dist; .o2 Hft 
h | .23 VY Pred: .2 As; 28 Cr 
Ep .62 Prt 
def .8 Robt; .7 U dist 
.20 Ru 
n :33\9t': .36-18 
h, p rey Ae ee ae el or ee ne 
h .99 Fe; .o Cst? 
H, d width | .16 Sa; .26 V and Cr 
| n,h .57 Fe; .61 Co; .65 Cr 





n, g; B 249 82 Cet; .81 Pr 


n, f; B 226 


| v.n, f; B 249 27 Cr 
| h .46 Sct; .40 Pr; .50 Fe 
def i usistinw eee Ee ad ee ee 
h | .83 Tit; .95 Y* dist; .co Nd*; .82Rh 
H, def .33 Cr, Dy 
n, h | .44 Ti? 
H .93 Fe; .92 Cet 
-d? h EER ESAS O ee rl se vieetalee 
h } BLL Sensiyal idl oh x ake rt nee eT aD 
n | .78 Cr and Fe 
H, p | (.1 Te; .15 Rb; .34 Fe Pred) 
H, curved 5 CF 
H, indist | .76 Mot?; .80 Fe 
n .90 Nb; .og La 
indist .23 Sat; .17 Cu 
| .2 Fet; .24 V dist 
H .55 OF 
n | .74 Mnt; .77 Zr* dist 
h, half .07 Co 
h .43 Sa; .§ Fe 
H, indist 7 Rb*?: .o5 Zn* 
H 19 Ca; .12 Cr 
n | .3 Mn 
n, H, p; B 236 A Deere Melted sha tis gare aed 
H, B 249 .66 Mo dist; .7 Mn 
h .89 Th dist 
H .17 Cet dist 
n [42 8" 
‘merged H ‘Setting on mean 
| b, hj \.78 Fe; .8 Se; Pr 
n, upper half .93 Ca; .94 Zr 
n, lower half 10 Zr 
g .55 Fe dist; .45 La 
H) lf 23 Perel .2: Sar 
{merged ) Setting on mean 


| *-. 
H}B 236, B 240 .64 Mgt; .73 V dist; .72 Ert; 68 Fe 
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LABORATORY 





Observed A | No. of | 
LA. 


Plates Inien. | 








4384. 
4384. 
4384. 
4385.; 
4385. 
4385.984..... 
4380. ; 
4200. 564. ...- 
4386. 
4386. 
4387. 
4387.: 
4387. 
4388. § 
4388. 
4389. 
4389. 
4389 .¢ 
4390.504..... 
4391. 
4391. 
4391. 
4392. 
4393- 
4393. | 
4393.504....-. | 
4393 - 
4394. 
4394. 
4395. 
4395 -: 
4395. 
4395. 
4395. 
4396.; 
4397. 
43907 -§- ee eee cleo ees feiaa ies | 
M207 O72. 46.044 I | 2 

















FNNHNHNHWWNH FWHM D FH RWNHWW HH FH HDD HW HH DNDN NWDHD HW 


4398. 
4399. 
4399. 
4399. 





oO 

~I 

> 
SH HD HH WWD HS 
Ore HF HF OOH WONRW 


Remarks 


d, Element, Etc. 





H; A 486 
H 


h 


H, def, real? 
h 
h) ‘ 
rH, d? 


| 
/ 


h 

H, real? 
H 

H, indist 


n,h 

h 

b, d? H 
H 

H 

H, p 

H 

H, def 
H, def 


n 
sli.b, H, prob d 
H, p 


| H 


g 

H 

n,h 

on mean 
n,h 


-prob d 


h 


not seen 


| H, d? equal. B 249 


v.n, real? 
n 





M g*, Sc* blend only 

81 Sct; .85W 

.98 Cr; .04 Agt? 

.39 Fet; .38 Ru; .18 Lat 
.65 Ru; .68 Nd*; .76 Znt 
Pb 


.25 Fe 

.63 Fe polar; .7 Mn? 

.99 V dist; .86 Ni; .o1 Gd 

.59 Mgt; .44 Ru; .46 Fe; .69 Nd 
.98 Tit; .89 Sat; .12 Th* dist 
.47 Bit 

.76 Cr; .66 Cet dist 

.57 Fe Pred 


8 Crs 6:0 

.93 11; .06 Tit; co Ca; .o2 Si* 
.03 7%* dist; .o Mgt; .o2 Pr* 
.24 V dist? .29 Fe 

aS Pr 


14.85 Tit 
1\.95 Ot; .99 Ca; .07 Pr* 


Ni 

Gd 

(.79 Ru; .03 Y+) (98.31 Ti* ab- 
sent) 

Ni 

24:Ce* 


43.2%; 48 19; .5:Cs 


Bera ki 
| 39 Sct 
.59 V dist; .63 Ti+ Pred 


4 
| -55 
3 
5 


IN 
Rb*?» .33 Zr*; .45 Fe 
Ni 


Yb dist 


| 155 Ba dist 
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sEMINORU) 
ened eee i A486 LABORATORY 
ler } 
ae gy a | ara | Inten. Remarks | d, Element, Etc. 

a er oe | tr? | .35 Zr 
4403. 6332-6. | 2i—1|H Cr; .62 Pr* 
4403.885..... | x«j— 1 | H, def | &Cgr? 
4404.300..... ae ae fs | .28 Ti 
4404. 508 eeciiad | 2 ° hl tose [40 Ti ; 
4404.794..... 3 oe .752 Fe dist 
4405.044..... 2/— 1|H,p .o2 Fe Pred; .14 Zn* 
4406.20. ...... 1/— 3] v.p | aGste 
4405 .98...... I o | def, p | .84 Pr; .14 Fe Pred 
440660.......0 : fy eee defect? | .68 Gd; .65 V 
PN ee 7 | ‘te? | Fe 
4408 .330..... 2 o}n,h | .42 Fe; .23 V; .95 Gd 
CO a ae yak peers nothing seen | .52 V dist 
4408 .684..... I Cem = =i oir ora le tae: atte aeratartee a Nera 
4408 .890..... I fal a .83 Prt 
4406: $52... 2 tpn .54 Ti*? Multiplet 30 absent? 
4409.964..... I o | sli.b, h | .00 Cst; .03 Ru 
Po) ne 1 | tr? | not m .2 Cs; identical with .oo? 
GATO- AT3...6 «. 1 |— 2 | half | .50 Ni 
4410.664..... 1/— 1t]/n,h | .6 Ce dist 
4410.9Q1..... 2 o|H | .9 Cr; .03 Nd*; .o8 Tit 
Pee 2!|—1/]H | .5 9b 
AAT 1837s. I 1|/H \(.71 Mo; .87 Mn 
lee: a keaeeere on mean }merged, p |;.7it ? 
4412.170..... I ° } \\.25 Mo*; .17 Prt; .28 Cr 
4412.538..... | 3 |— 1 | def | .42 Ti; .62 Sr 
HATS ORT « c.05 I o | half | .1 Zrt; 04 Cd 
AAT? SO4.. 6 cs 2 ri Bp ee | Cee reer err 
Pee. I 1 | on mean }d Fe «be 66. 008 Ahn alate ab eine er eremeee oneraat 
44ts.863..... 2 o | H,p } .77 Prt; 8 or .o Cot; Cr 
ARTA. S35 6 2/-— 1]/n | sear; SV 
4414, 821... .. 1]—1/H | .87 Mn; .89 O*? 
4415.080..... I 2/n,h | ee Fe eee re eee 
GATE TAS. chs 3 2 | mean pd? H, indist |{.13 Fe dist 
AALS 206. <<. I I ) |{.2 U dist 
4418-620. .... 2|— 1 | half; defect? .58 Sct; .68 Cd 
4415 .806. ..:. I oh | .77 Fe Pred; .73 Ta 
4416.077...... I 1 | half fivnd A Dc the gee tee taco sitet eeecece a een 
4416. 356...... 2 r| Hop | .28 [Fe 11] 
HAIG Or. ok... cnet O8% } ROG rn 63 V3 .54 Ts 
4416.822..... 2 Sig | 81 Fet 
4416.948..... I 2 | n, H, ft, comp.v | .97 O 
BAL. 280. 2's 1j/—1/n | .28 Ti; .35 Hf* 
4857-990... 3 4 | are 
4418.300..... 3 1 | d? | 3a 28's 43 Fe 
4418.771..... 2 o|H,p | .78 Cet dist; .67 Tht 
4410.176..... 1/-—r/n | .or Tht; .04 Gd*; .1 Cr; .o9 Pr 
4410.612..... 1/— 2|H | .62 Er*; .63 Pr 
POC ee) Oe eetly © nothing visible | .46 Os; Sat; .66 Sct 
4421.258..... 2 o | sli.b, H, def | .23 Prt; .13 Sat; .27 Gd; .36 Co 
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Grurwonum , LABORATORY 
PiaTEs B 236, B249, A486 

wa? r ore Inten. Remarks d, Element, Etc. 
4421.540..... 1/— 2|/H .58 V; .46 Ti 
BAPE OLA...) 3 ro .95 Tit 
4422.292..... 2 re eo Ae: | nn ee PER Aes iy at nO nee 
4422.455..... I o | half; defect? .44 Gd; .5 V 
4422618... .. 2 o}|H,p 6n-Y* dist: .57 Fe; .7 Cr 
4422.980..... 1|/— 2}n,H .98 Ni 
4424.348....;.- I o| H,p 435-Sa™: 30: Cr 
4425.470..... I o | H, indist .44 Ca dist; .4 Sb 
4426.037..... 2 r | Hyp 1b"; 08 Ti: 02 V 
£696.223....-. 1/— 1/H .29 Ir 
4420.971..... I o|h .70 Mo; .77 Er 
4457.86. ..... I o) (.10 Ti 
Pe Cc ee. rn er .. >| d? merged 4.312 Fe 
4427.40...... I 1} \.56 Lat 
a a, I o/h .00 M gt; .go Ti* Pred; .92 Ce* dist 
Pee aS: ee UR eae def 2gk et"; 29 Ce": .3: Fe; 34. 2r 
4429.818..... 2|— r/h .go Lat dist; Cr; .80 V 
Be LY 1/— 2/n .19 Fe 
4430.640..... 2|— 1|b,H 618 Fe; .7 Rb"? s .5 Cr 
BAST. 304... 2 o;|n .14 N21; .28 T4; .35 Sct 
£437 B06... I o/|n .g1 Ba dist 
4433.520..... I 1 | indist, p 51 Mot; .5 N; .58 Ti 
4433-902... > I x} .79 Fe; .gt Sat 
4434.104..... 3 r | . Mgt; Ti 
4434.866..... 2 1} n,h .96 Ca dist; .96 Mo 
2455-022 ....-5 2|-— 1|H .68 Ca; .54 Eut; .7 Cst? 
4435.959..... 1 |— 1 | h; B 249 Lat 
B4260.215...2.«: 1 |— 2 | prob real; B 236 .18 Gd; .22 Rat; .14 V 
4430.279..... 1 |— 21! H;B 249 .36 Mn 
4430.549..... 1/— 1/H 50 14 
4436.838..... 1|— 2/h .93 Fe 
CT Cy a? ee ere © =} FS kvewaecdsrGueeasceorechus ens 
4437-575... -- i> 218 Ni 
A459 670. <<... I 3 a (.84 V 
HAST GAS «. s - I SeOCRE. BS Kyte cn asc 2 Wisiele Gino aly Ve Sia als 
4438.056..... I o} 04 Sr, Zr ? 
4438.435..... I o|H 36 Fe 
4439.487..... 1 |— 2] H, dif 52 Ce? 
OE Nes ese tr? | .13 Rbt? 
4440.260..... 1 |— 3 | n, indist Fe 
4440.434..... I o/|n Aa er; 48 Fe; .35 Ts 
4840. 702... .;. I rier Oh RCE recs seagleeiecay atace-esaiave pias elas ae 
eS ee I tr? | B 236 .84 Fe 
4441.744..... I o | H, indist .69 V 
AAA2. TOO. ..... Ps.<c. ST ee eer era ene 
4442.408..... I o | n, indist .343 Fe; .42 Ni; .49 Zr 
4443.028..... 2/—1|h .99 Zr* dist; .o5 OF 
ere) I |/— 3 | v.n, half .20 Fe? 
ree a.) oe 3 6 | 80 Is” 
Ce ee 1: ee 3 I | .22 V; .26 Sa; .27 71 

| | 
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7 GEMINORUM 
PLaTEs B 236, B 249, A486 





























Chegene d a a Inten. Remarks 
| | |———— 

4444.448..... | I | o | n, defect? 
4444.600..... | 2 | 1/h 
BEBE EBS 5 r |— 1 | h, def 
4445 O68... «.. 1|— r/n 
4446.384..... 2 | o}h 
4446.82...... | ril—- 2i/h 
4440. TAS... . 2\|— tI 
Pv, | ats wapentae nothing seen 
4449.606..... | I ria 
4450.016..... |} 2 o/h 
4450. 334..... - | n) 
4450.489..... | 3 2| td 
4450.008.. 04 2: I I | ) 
4450.00)....... | 1/— 3|H 
pers ee | ti— 3 | H; B 236 
4451.510..... | I 2 | slib, h; B 249 
AASEOB% 605: | pew H; B 236 
4452.048..... |} rijl— 2i/n,h 
AAS? AAA... 1|— 2 
4452.716 1/— 2!|H 
4453.100..... ic 2 th 
ye ee. oe I tr 
4453.450..... 1j/—1/h 
PT) ae 2 o | n; only tr on B 236 
4454.349..... 1 | 00 
GASA 270... . x. 2 |— 2] H, indist 
AARS IO%. 66 3s I 1 | sli.b 
AAsS OOO... 6s 2 olh 
4455.896..... 1} 1|h;A 486 
AASO. BAS 66 <6: I I 
4457 .002 I ° 
aT. ee 2!/—1/]H 
4457-547..... 2 ° 
RASS. 200. .... I Ei] 2 
4456.445..... I ° 
AED. OS... 5 3 o | h) 
4450. 137... I I -d 
4450.203..... 2{/ of|hj 
4A50.045. 6.5. I ° | n 
4400. 196. .... I TES 
A400. 50.55 2/— 3|b,p 
4460.89. . 2} o|fn 
HACE. 93485 055: 2/— 1]/h 
4401 .636...0.:. I o | n, on B 236 
4461 . 700%... I o | H B 249 
4462.18. 2 ® 2 | H, doubtful 
A402. 505 5. «3 oe ee 
4402:.S05. 6... I c | n; B 249 
4463.04.. 2|— 2|H,p 
BAGS S85. 644s tA soar | n 


LABORATORY 





A, Element, Etc. 





| .40 Cet dist 


.§6 Ts"; .7o: Ce* 

.07 Co; .20 Zr 

.37 1 
.84 Fe 

14 7% 

Cet, Ru 

.72 Dyt* 

.98 Ti; .87 Pr 
(.24 Pr: .32 Fe 


4.49 Tit 


.74 Cet; .77 Fe Pred 
.go Ti 


.71 Ti; .82 Fe Pred 

.383 Fe; .40 Prt 

.78 Ca dist; .66 Sat; .80 Zr* 
.32 Mn; Ti 

.80 Lat; .82 Mn 

.88 Ca 

Nd*; .34 Fe; .5 Ca 

.04 Mn 

.36 Mo; .41 Zr*; .43 Ti 
55 Mn; .48 V 

.10 Fe; .26 Mn 

3oP > 84 CH .84 Se 
(.05 Ni 


‘.12 Fe 


.64 Zr; .78 V dist; Cr 
.20 Cet dist; .31 V 
50 W 

8 Cr 

.21 Zr'; .20 Fe; .4 Fe 
.65 Fe 


| .82 Fe Pred 


.1 Fet 
ji; .37 V dist 


.96 Nd* dist 
41 Ce*; 54 74 
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sEMINC ny 
selene tee A486 LABORATORY 
| | 
Soames » tis Inten. Remarks r, Element, Etc. 
4463.838..... BOSS a Pte uy hire wie ordi FGd ee 
4464.298..... 24 2) OS enh eae eee 
4464.482..... z I >d merged iz Ti* 
4464.660..... 2 1 | Hj .68 Mn; Cr; .78 Fe; V 
4465.098..... 2ij— 1/8 Cr 
ee ey ae 3 o| re 
ADS FOR «:s 5 I o!ln,h | .Ba-2t 
4466.147..... a o | half) ley Fe; Cr 
4466.341..... ris o | half| }.4 Ni 
4466.526..... I o | half ;merged \.554 Fe; .55 Gd; .46 Ca 
4466.750..... I o | half) \7 Kk 
Pt ae cl t/— 1t/h .14 Gd; Ba 
MAGT SET. «5s I 1 | H, probd 33.00; .sa:Ce; 6 Se; Cr 
AAOT FTA. ss 2 o|h,p .76 Ca? 
MABE TSE. so I Ree = Secures ody tind ids a tele ecm arne = areseaee 
4468.498..... 3 3/2 49 Ti* dist 
4468.604..... 1{/— 3] n 67 Pr 
4468.961..... Sibewaei eS NNR Min tern RRA Sha laticy bs acaietispo: ace’ Sew etsre ts we 
4460 ..370..... 2|-— 1 382 Fe 
BMT S50 cee P havi ee ft absorp red and vi| .52 Rbt?; .57 Co dist; .8 Cr 
not m 

4470.56. ..:. I I 14 Mn 
A470 474...5 «; 1/— 1 3 Zr; .48 Ni 
4470.698..... 2/—1!1H .86 Tit? 
447% .028....°.. 1 {— 2] sli. b, H ) .23 Ce dist; .24 Ti 
CCl | ae I o | H, indists 
BAITSO.. . 5 I |— 2) (.57 Co 
4471.705..... 2 |— 2}| h,d? ;.68 Fe Pred 
4491.75...... 1 |— 2} ||.8 Co 
4472.179..... 1/— 2/n,h LONE S EEO RL CCT RE OTe 
PCC |: 1/— 2/n,h 4 Se? 24 0 
4472.628...... I r |b, hyp .54 Fe Pred; .72 Cet; .71 Fe 
4472.845..... 2 o | h, indist .80 Mn; .93 Fet 
PT te ae r1/—rj/h | 
$072 560% 28.5. 1|— 1 half / | -4 Co 
44732690. .... 1j/—1/h .61 Pd 
rv |? ee 1/— 2/H .4 As; .60 Mo 
4475308. .... I o | H, def 2 Cr 3 
4476.048..... 3 ojh .02 Fe; .06 Ag; .08 Fe 
RS ay I emma eeRe NN arc aw claro aXe sitlie bales edi aielas 
AATIOT 0.8. 1 {/— 1 | H, real? Cr? 
4478.240..... I oo} .3 Co 
BAIS.AO. 00s ss 1 |— 3 | doubtful 47 Ir 
A498 9E7 ss <. « 2/—1/]H 66 Sat; .74 Mn*; .79 Gdt 
ee.) SGrecceceeee NP ee care rate aire 
4479.496..... I oH .44 Ca; .36 Cet; Mn; .61 Fe 
re ae Ij/— 2/p .89 and .g7 Al*t ? : 
4480.288..... 1tji—1/H .28 Cr 
4480. 784 I We. © ht RR ee iera ei are tatecaencd, aratetneratelae ck 
4481.214..... 3 10 |g .23 Mgt dist; .26 Tiprob. inten. 1 or2 
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y GEMINORUM 


PLaTEs B 236, B249, A486 LABORATORY 




















| | 

nae egy r | —s | Inten. | Remarks \, Element, Etc. 
4481 .844..... | | off .83 A 
eT eee | |  4>| d merged C5645 oy tad eames milder oe 
4492. T82. 6 603 a ee | .04 Zr*; .17 Fe; .26 Fe 
4482.504... | 2| arith .40 Ti* Pred 
pe | x |— 3 | n, doubtful .32 Gd 
4484.09...... |} t|~1 | .g Cet; .94 Co; .19 W; .23 Fe 
4484.077..... | yp he gop hy .96 Ca; .82 Cet; .or Ti 
4485.428..... 1j/—1]'H .44 Zr" 
4486.143..... | gts. tite |.§ iavatsenueseeruaeoenc eae 
4486 622 I — I H, indist Wevterrcroerravec rere sco. ee 
yy ce? re I |— 3 27 ¥ 
4487.487..... 1 |— 2 ; 49 Y 
4488. 269 4 2\h .32 Tit; .25 Au dist; .2 N; .14 Fe 
4488 .846..... ae |—- 2 | n; B 249 .9o V; .o2 Fe 
4488.95r..... er 2 
AABO ISOs «2.0: 3 3;| d, on B 236 25 Be"; 10-79 
4489.268..... I 1} 
4489.606.....| 1|— 1} h,p .§ Cr; .74 Fe 
4490.953...-- tl— r | Hp «§«_—«_——___—_—_ Jo tence cece reece ee eecccreeees 
4491 .428 3 2|H .40 Fe* 
BAOE (TOs. 6 6% 2 o | dif, p .66 Cr; .62 Bi 
AAA. TOS 6 65 I o | n, inclined .66 Nb; .69 Fe 
4403. 130%.. 6-05 1/-— 1r/n .99 Bi; .o8 Tb? 
BAO AEDs 0-6 2 o|H 54 1t* 
SADA TTS << I I|n .20 Pr; .o5 Fe Pred 
4494.588..... I o-} 8 .568 Fe; .6 or .4 Zrt 
AAOG 409. ie 2: 1/— 1/n,h 3 CH.40- Fe 
BAGS O8E S65 5s I 1/n .59 Fe 
449060 TSO... >| 2 o/h 15 It 
44960.449..... 1|— 2}/h | .43 Pr* 
4406.87% «6 &<. I o|H,p .97 Zr* dist; .86 Cr 
4497.440..... 2 o| Hyp A Co*: 4 V 
4498.224..... 2 o|H | .15 Ru; .26 Gd 
4498.526..... 1j|- 1/|H | .60 Fe Pred 
Pe oy Ae) Tre Maree not seen | eae Cr 
4498.954..... I o|h .go Mn 
4499.638..... I 1 | H,p | .47 Sat 
4499.939..... 2|— 1, h, dif, p .96 Zr 
4500.407..... I o|H | .29 Cr 
Ae PG oss liana OES .75 Er 
4501.291..... 2 5 | n,g) |(.27 Tit 
ASOT. 993. 6.<. I 3 -blend A biaaus set ht jcl's oye iter 6 wear cnenetns 
ASOS SES. 6S %: I|-— 1 n, f | \\.5 Cst? 
ABOU, GOS <<vsr0's I o|n Cr; .82 Nd 
4504 /902:)..:... 1/— 2|H,p | .22 Mn 
ASOD, B29. sss I I | .59 Fe 
4509.270« 6.6: ri= 2} a bok eaecgus bekniesinn.e «Neen mae 
4504.238..... 1 |— 2 | n, seems real b, ece ce Rea De qe ae Se eee eee 
ro a: oe 1 |— 2 | n, seems real | .56 Cr* Pred 
4604805: 0.5% 1 |— 2 | n, seems real .84 Fe 


| 
| 
| 
| 
| 
| 
| 
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yy GEMINORUM 
PLATES B 236, B249, A486 





LABORATORY 





d, Element, Etc. 
































er » Inten. | Remarks 
2608 30.6555 1 |— 3 | def 
AS00°0380......<-: [ “apes | n 
4500.473..... a i= ‘2 
Coe See eer: cae | not seen 
AS07038... <:. I 2 | h, p 
4507.554..... | ¥ r | ‘a 
ie 3 4 
4508.98...... i |— 1 | h, half; B 236 
as00. 166.......:. 1 |— 1 /n;B249 
AMG: FAN «.:4-5-s I 21H; A 486 
4510.098..... Ij— 2/u 
AS10-30055.0.. 2|—1/|H 
4510.523........ 1j/— 1| H,p 
ASIIT.200..... I oO } 2; H, p 
lk) 1 |— 1 | H, dif, p 
pag rea eek gt Ve ar | not seen 
4512.248..... 3/-—1 | 
£652.66... 66. 1 |— 1 | inclined 
4512.08... .. 2|/— 2 | real? 
BETS AIO... «| i|- I 
ree). 2/|— 1/n,h 
ASTA. TIS... 6s I 2 | H; A 486 
rity | oe 1 |— 3] h; B 236 
4514.806..... 2\|— 2/n,h 
Te ee 2|— 3 
4515.354..... _—s 
MEEG.007.. 5. I I/n,g 
$600.508...: - o| H,p 
A656 7103... .. e o|h 
re + ae I |— 2 
ee a eee | Lithte not seen; B 249 
BEZOL05. «<0.2's 2 1| 
ANaGlTS%.. 2... 3 | 3;| d merged 
i | 2 | 3) 
4690-825 ....... 3 ~ I | h 
BE75°100..... 2 im Ir; n 
4591-430: +.... Ri a | n 
OS 1/— 2/n, a 
op ae Zim 27 R, 
Pony set ewe I s 2 | indist, real? 
4522.413..... I I | 
4522.020...... 3 | 4 | . 
oC Le; rr 1 |— 2| h, incl 
4524.006 I j— 2] v.u 
ey ee I o/h 
ASZA. TIS. 5.50 t [2 | 
BS24.077....-..0: Se v.dif, p 
4525.280..... 1} 0 | n 
BS26. JOE... I x 2)/n 


.4 K; T1? 

.94 Ba dist; .96 Y 

.42 Ce 

Re 

.11 Zr; .22 Cr* Pred too dist? 
.86 Ca 

.29 Fet 

.88 Fe Pred 

.14 Fe Pred; .18 Ce; .25 Nit 
.8 Fe. Inten. .o on B 249 
15 Prt; .2 Zn*; .o In dist 
S41? 

.85 Rbt; .75 Agt; .o N 

.18 Ti; .31 In ultimate 

.83 Sat 

92: Cr 

.27 Ca 

94 14; S4-Al* 7 

83 Al** 7? 

.71 T1; .72 Fe Pred 

.19 Fe; .14 Pt 

8 Rb+; Nt; Agt 

11 Sat; .15 Ny; .18 Fe Pred 
.34 Fet 

.61 Ti? Multiplet weak 

33 Nt 


(64 Sa* 

(.85 Cr; .99 Ni? 

l.24 Fe* (.36 Ts* 
cated) 


.37 Lat dist 

Og he > iss im: . 
.08 Cet; Sat 

.g2 Sat; .to Fe 
.74 Sn sensitive; . 
.95 Ba* dist 

.28 La 

.88 Fe 
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yEMINORU) 
Prares 3 me "800 A486 LABORATORY 
| 
aaa 1 ig x | aes Inten. Remarks d, Element, Etc. 
4526.308..... 2 o}|h .36 Ti multiplet 177? 
4526.678..... I o|n ag st 
4526.053.....- I o}|n,h,p | .98 Ca dist 
4527 .150....2 5 I o|h .25 Y dist 
CED ay: Cee I o | n, : .35 Ce* dist 
Pl ey See 2 o | n, Hy/merged wig BY WN Le ark oad rac ash hey Sur nee 
4528.153.. I o | n, A by so palaeatbcm G:6 a/at'scaualeeracaes oe 
4528.46.05... I 1 | def | .47 Cet 
4628 (616... <<: I 1|n,h | .619 Fe; .55 V*; .73 Rh 
ica. 2|—3]|H,p 18 AP? 
4529.455 2 o | dif 4916: 6A: 2 Via 
Plc ba AOI PERRIN oer trae nothing m .36 Rbt? 
BEAT O10. <)«.- 1|/—1|H .99 Co dist 
PC | ee at Peery .64 Fe 
4832. 500s... I o|h Pe rere er ee See 
Ca I1j— 1I|/p .02 Zr; .oo [Fe m1] 
4533-308. I ° .25 Ti? Multiplet prob. absent 
458.088... .- I 4 (.97 Tit* dist; .co Co 
ASIA. OFF .-. «- 3 6>| don B 236 Co, dvclatayer We ale Mega etee anc haan Tare 
4834. 104. 5. <. I 2) 17 Fet; .15 Pr 
4534.511 ee 1j/-— 2]/n 5 Mn; .57 N* 
BETH. TERS oxo) I 1/n 78 Ti 
ARAS 1664-3.5 | zrl—.1]n 07 Nt; Cr 
ASSES ATG: oc | 1/- 1/n 58 Ti? 
ARR UAEOs «soc | @{- @) 8 h | .72 Cr; .74 Zr dist : 
453622565 0:0: | ote a Pehe .- | ~~. bean tcsccdlredieiateing wate s pues meee 
4536.585..... | rj—2]|n 5 Sat 
PEG Bt: . a Ce Sy eS et | en Foor Se nnn ire cree Te 
A837. 200... | zrj—2]h 22 71; .25 Tb 
4837.625..... | rjl—2]{h | .68 Fe; V 
4538900366 1|— 2|H .o Cstt: Fe 
A520. 240.60 sve 1|— 2|H .3+ Cs dist 
REGO. Sere paces tr | not m | .73 Ce dist; .7 Tht; Cu; .8 As 
ASAD 0242.0 x: 1|/—1/H | 04 Gd; .g Cst 
AEA. TIO: 5s 2 1 1h .77 Robt? ; .71 Cr 
AGALABT os s0« —_— 3 | sli.b, h 52 FOS 33 he" 
4542.180. «.'s. 1 |— 1 | indist, p .22 Zr; .43 Fe-Mn 
4542.652..... I 1 | indist, p | .60 Nd dist; .63 Cr 
A562. 600.>..'. « Ij-— 3/|n | .52 W; .64 U dist 
ASAt OFF <6 3 «| 1/—- 3/n .96 Sat; .o2 Ti* 
ASEAQ7IO... «.:. 1 |— 2 | v.indist .69 Cr* Pred; .62 Cr; .69 Ti 
BE Oe i's o Resa aa bea aos nothing m | o Cuts .96 Ce’; 14.78" 
PRY eee 2|— 2 | h, dif, p | 40 V; Cr 
4545.72. si~ 39} Ener ll bike ree seen eee ween 
4545 .043..4>.: 1/- 3/n .96 Cr 
45405106... ... Rim 2PM jjjé§ §— © 9. “Betas &s- ed cee oeetels Wacqene Galelietaiten 
4540855 6+ «0 I |—- 2 PEPE SPC re rere re ie 
4546.879 | time) h 83 Nb; .¢4 Ni 
4547.302..... | ri— 2th 23 Ni; .30 Ru 
4548.066..... | 2|—1]/h o9 Ti 
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- GEMINORUM 
PiaTeEs B 236, B 240, A486 








No. of | 


LABORATORY 














eee » Plates | Inten. | Remarks | r, Element, Etc. 
4548.450..... 2 = | n,h | .48 Ir; .54 Pr 
4549.084..... 2|/—1| | .o As 
4549.280..... I 2 | half Re Oe Te Ree 
2. 3 6 | 63 Ti* dist; .48 Fet 
ASAQISBs ois-. « I I TS fg Coc ee ce ee fae ricer er rryee 
AG EOUSOSs «6-3 Se RIEU fs deve cigs dutacata''o sa vay evetery eavaieisss la. 
4$50:00F...... 1/— 2|H | .82 Fe 
BEST GOR 6:50 2) ve pa | .65 Fe Pred 
@553 2623) «ss: I oO int | 2B 
4552.000..... I o/n 12 Er* 
E552: 350s 0: 1|/— 1 | H, p .25 Tit Pred; .42 Pt; .46 T1 
4652087... <.. 1 |— 3 | sli.b, H, dif 03°56" 56°? 
ASSS.O79.~. 0... 3 1jh .97 Zr; .o4 Ba dist 
4554-401..... I rom ie .44 Sa; .45 Fe ;.52 Ru 
AS65044... 2 am io7 Cr 19cer 
A555 .850...... 1/—1/n .3 Cs dist; .49 Ti 
4555.880..... 3 3 | .go Fe; Cut 
BROGIED. 04:5 1/— 3/n,h OE One De Ng emt ere mee 
BORO IOS. s 2s; oe ef FP nn eee eer Te eee eer 
4556.070..... 1 |— 1 | H; B 249 .94 Fe 
4557-429. I Soe CB eer ees ata niorat ss sunl'sieieotirst as 
ASSB.003...... I o|H 09 Tt; .11 Fe 
4555.032. «<x. 3 Cele 66 Crt 
4500.040..... 1/—1/]H .93 Ti; .94 Ni; .10 Fe 
ASGOcAES s. 6 « 50: 1|/— 3|H,p .42 Sat; .27 Cet dist 
BSOO- 754. «0%: I I 7a V 
AsOT7150..... 1/— 2|n,H 15 Bi 
4561.674..... I oo) |: tll ne, errr ret Rivas heh Ciaank eenar ol 
e502 807... .... ok RS Sr a Pea Rene IC cee ere 
EOS So eso ioc te «0:00 tr | not m ae Cer 
NM a5 4''x.n kad 5808's Oe nothing m eo 
ASO2.00<....- eo ne Sore rr eT rere rere er eee 
SG 3 4/g .76 Ti* dist 
4nbe.65...6<.. 3 o | v.indist, p 56: Nit; 59. V7; 97 N; .72 Fe 
arG5. 120. ..... 2 Spee 6 —=—liti“‘(‘—‘“ié‘ié‘“sé‘s* Rn ne ew ae ee RS 
£26s.665...... I wie! .61 Co; .68 Fe 
4566.100..... 2 o | H, dif .21 Sat 
4506.542..... 1/— 3|H .52 Fe 
Pe ¢. 2 o|n,h .99 Fe 
a ee are tr | notm i Cor 
4509.790..... 2 Se Re areas wel aacoa ere sien ctw es 
SRIOLOLL.:.°s «5 I o | def, v.p 02 Co 
To ar I ee GRR em auth ocd ee Wewlsineneies 
Pine ee) 2|-— 1 .66 W 
Pe oe 5 1j/— 3|n,H | .12 Mg persistent 
ae? ae I o | n, half | .44 Fe Pred 
ae re eee seer masked if present | .79 Rb* dist 
ASTE.O9O. «0s 3 5 | | .o7 Ti* dist 
BETA OR: a aisiersis coe nei | masked if present | Ce dist; Pb* 
45721676..... BON 5% | B 236 | .69 Be 
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Chapeet » —< Inten. | Remarks d, Element, Etc. 
| | 

45998450... 1 |— 2 | indist; B 249 | .83 Crt Pred 
A579. 290; <i. 1 |— 2 | indist | .og Nb 
4573.8600..... 1|— 1| H,v.p | .88 Ba 
4574.663..... 2|—1|H | .72 Fe; .48 Zr* dist 
PC ae ee 2|-— 2|h | .4 Ca; .51 Zr 
A5IGO. 390s «<< 3 2|H | gt Fe* 
4576.013....:; I olh | Pee Pe Stree Se ek! 
PCT Oe IEE Paes ere nothing seen here ga 
4577.408..... 1/— 1] H,p Ps. 4 & olga yw hrptavl pane nae ae 
A575. S26. 060 I}]— 2]v.n | -57 ‘a 
4570047... 1/— 1|h Pc niet ie garg telat hae tn ere 
A570.502...:. 1/— 2/h | .43 Nb; .66 Ba 
re I o|n,h | 06 La*, .06 Crs .13 Co 
BEM Bh oe cabo cree te nes nothing seen | .4 V; .47 Ti*, multiplet v. weak 
BSS0.088) «5. 2 1}h |- ‘cb d Sisth one te ele Hele ea re 
4581.568..... I o|H | .5 Ca dist; .52 Fe; .62 Co; .64 Nb 
450¢.853..... PS 2|b,h | .84 Mn 
BEND DEE 3.63635 1|— 1|H | tor 
4582.840..... 3 2|H | .84 Fet 
ee 3 6 | .84 Fet 
4584.446..... 2|—1]n | .45 Ru 
4584.798..... I o| H,p | .73 Fe; .83 Fe; .84 Sa 
A566 -O8¢:...... 2|— 1|h | Cr 
4505. 842. 0.6%. 2|—1|h | .82 Alt; .or Ca dist 
ASBG. 236. ss. «3s 2/— 2};h | 2Ce 37 ¥ 
ASSO).90% 63... 2 |— 2 | indist | .0o Cu 
ye 1|— 2 .14 Fe 
AEG. GOR. - 5.0% Ij- r/|n bigs Radka a wel 4.91 aul wk crea oat 
4588.196..... 3 4{h anCr 
4588.827..... I o|H | .g Ca 
4589.481..... 1/— 2|h | .35 Dy 
A580. 0785. «a 3 I | OG 245 .o5 Cr™ 
4500.526..... 2 o | def, p | oe 
AROE OFS .6 0+: 2|— 1|h,p .98 OF; .23 V 
PC ee 2 |— 1 | h, def .44 Cr? 
4500-056... 3 2j;h .06 Crt 
QEO2 539 5.0.0 0 2 ak | ee or re 
4592.634..... I 1 | sli.b, H 655 Fe? .54 Ni 
Py ee 1|—- 3/h .o Sc 
4604. 207 05.5; 2|-—1|H .2 Cs dist 
4593.406..... 1/—- 3/p 54 Sa 
Pi a [= 3 SEO eect tat ter ee tee 
4504.04...... I |-— 3 .93 Ce* dist; .07 Eu; .10 V 
PO eee 1|— 2/n,h .o Ni 
ASOS Secs. 1 |— 2 | half | .15 Mo; .31 Sa* 
PO Ay | eee 1/— 2|b,H,p | .70 Fet 
500.82... ... 1 |— 2 | doubtful; half | .go Co? 
4597.008..... 2|— 2] H, indist | .97 Gd; .06 Fe Pred 
A507 080%... 1/—1|n,H bom Paige Gl nie Se kale com 06 eI ee 
AROB OBE. «. <':- I|j— 2 .g Mn; .og Ru 
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GEMINORU) 
Phares B ne ag a A486 LABORATORY 
| 
Cage a a Inten. Remarks A, Element, Etc. 

4599.467..... 1 |— 3] v.u .5 9b 
4599.960..... ae Bee H, indist, p .90 Fe; .97 W 
4600.276..... 2 |— 1 | H, indist 22 V* 
AG00 811... 1/— 1|H 75: Cre 
A603 901... .. iat |! Noch eet tsp eieins Sivas ae wee tS 
NGO4.537. «5 I|-— 1 8 Cst; .7 U dist; .96 Fe 
Oe ae 1|— 2/H Res 4. OF 
ORE ss ¢ « s 1|— 2/H .60 Fe 
4604.967..... 2|/—1]{h .99 Ni 
MOOG ES on 55's: 1|-- 2|H .2 U dist; .25 Fe 
BOOS 08. 5.20% Piae ew Me 8 | Ne Rtmuaeie gloushe soisiale aleele/sreiotm aie ms 
4606.62. ..... 2/— 3|H,p .62 Er; .76 Nb 
AGAR BI... 5 5: 1 |— 3] vu .88 Mo; .93 W dist 
AGTE, AI2. 052: 1/— 1|b,H .29 Fe 
oe | ee aoe |p ettirerieciaa alee nie owe heel neem ains 
Pe oo) ne 1|— 3|n,H | .21 Fe 
rT ee 1 |— 2] v.u 29: La; .44:Cr 
AGESIO7 co oss. 1 |— 2 | H, doubtful .o5 27" 
MOEACES < 5.s oe 1|— 2|]H,p Scr 
er re I ee | ae Cree ee ee CeRe eee eee eee eee 
Ske. I|— 2 ae .20 Ce? 
BGES.G2'. 5 w'50s 1 |— 3 | b, H, indist 43 Sat; .57 Fe; .7o Sat 
ABTO.80 0. 2 |— 2 | h, real? ag bets .27 Cor 
4616.618..... 2 se | .63 Crt 
4637.250.....;. I o | n, h; B 249 \ 57 Ti? 
BOLILAO so 35.2 1 |— 3 | H, indist, B 236/ se Se 
ABTTOB4 s,s «: I Shel | lll SIG eter. Seetre re eee eT ei ree 
4618.078..... 2 o|H 13 Sat 
BOTS: 940... 0 E cee: 82 Crt; .76 Fe; .7 Se 
AGIQ. ISS. 3.>- | 2 r | eS .29 Fe 
Re ee | 2 o|b,H 53 T4; .s5 Cr; 68 V 
4620.006..... | rj|—3\|n,h 86 Lat 
4620.474..... | 2 2|H 52 Fet 
4621 .029..... i. o | h, B 236 RSE ES Lee Te Tee eee 
a ore a. o | p, def, d? B 249 ee cote Mariam e i heii ee RR Aces tie 
ABST.A0.. 2%; | x |— 21] n, half, B 236 \.51 Cr+ Pred; .4 N+ 
4621.723..... | 2/|— 1 | h, dif .70 Ca 
Pe oe ‘i ae. | .45 Rb*?; .47 Cr 
ee 1 |j— 3] n,H) | 
46227054... >. Ph 1|H eee ieee ere ee ee 
Por ee) =: SC: SoS alll ME EN) SAR rey ete ry arse Rea Oe Teme 
a 7 re Stemi, 8 ht ger Saale Ride See 6 WE ONS Wi we ee Eas 
4624. 7963. .:<% | zri— 3i]h .go Cet 
4625.149..... | ‘et eT ed .05 Fe? 
MGQE ES. 6 6.02 . ae. a | .77 Co 
es) eee | CF oe | .19 Cr 
4620.84. ..... | «x {|— 1 | H, indist | .79 Fe Pred 
4627.017...:. | «| o/ n, inclined | 0&8 U 
4627.320..... | rl—rj]a | .26 Eut 
4627.869..... i Joes. Je neeserceccececsvercececeeeess 














THE SPECTRUM OF GAMMA GEMINORUM 


89 


TABLE IV—Continued 


+ GEMINORUM 
PLaTEs B 236, B249, A486 





| 
| 


Observed A 
I.A. 


No. of 
Plates 


Inten. 


Remarks 


| LABORATORY 





| A, Element, Etc. 








ee ee ee 


| 


JE a ee a 
Ore HF HN OWN RD HF KR RRND OW HF HOH OOH HK HR HOW O 


Te ia 


SH Be eH HF DN we HW eH ORD 








nothing seen 


b, H 
n 
h, p 


sli.b 


v.indist 

h, dif 

h, dif 

H, dif 

H 

n, h 

n, H 

n, def one-third 
n,H 

h 

H, p 

H 

n, h 

nothing seen 
H, p 
v.indist, p 
n,h 

nothing seen 
not m 

H, dif 

h 


n 


H 
H 
v.n, real? 


H 


H 
H 


| Cet dist 

.33 Ba; .46 Cr? 

75 Pr*; Co 

34 Fe"; 34 Te; .g8:Co 
88 Zn 


.04 Fe Pred 
.49 Fe 

25 Cr 

.67 Ca 

.92 Fe 

.26 Cr 

.76 Fe Pred? 
| .o8 Crt 

| .73 Fe 

| .3 Fet? 

| .55 li; .62 Fe Pred; .67 Ru 


|. 27 Fege Ter 

.50 Lat; .63 Gd 

8 Se; .89 Ti 

| -30 O 

ie eeeme a 
60 Cr; .67 Ti? .69[Fen) 

.60 Er; .6 N**+? 

; or ik ak indie Sn ae ee ote a 

| .83 O; .98 Tb 

.23 Sat 

.60 Fe Pred? 

| .69 Y dist; .47 Fe; .51 Pr 

| .8 Nd*t; .oV 


Cr 
| Cst?» Cr 
.o Pr* 
.44 Fe 
.66 Ni; .56 Rb*? 
12 Cu 
-SEEr 
| .16 Cr 
.49 La* dist 
.69 Ni; .71 Ti? Inten. oon B 249 
| .OIn 
| .o8 Fet 
| 8 Te" 
| .4Co; Mn 








go 
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TABLE IV—Continued 








yy GEMINORUM 
Pirates B 236, B 249, A486 





LABORATORY 
| 
| 





Observed \ 
IA. 


No. of 


d, Element, Etc. 





4658.310... 
4658.938... 
4659.648.... 
4660953... 
4661.666.... 
8002070. «. 
4662.364.... 
4004.452....... 
6003959 .::-.« 
4664.473.... 
4665.106.... 
4665.499.... 
4666.210.... 
4666.814.... 
4067 :200.... 
4668.846.... 
a ee 
4060.6.....+ 
4670.366.... 
Pt ie. ae 
4671 .852.... 
Pig? ae ©) Sa 
BO98.0 5.2 «.. <2 
4075.00... 
4675.506.... 
4675.981.... 
4676.809.... 
4677.690.... 
4675.:037.... 
4678.938.... 
SS re 
ae 
4680.945.... 
4681.456.... 
4082.054.... 
4682.513... 
4683 .443.... 
4683 .809... 
4685.048... 
4685.458.... 
4686.011... 
4687.057... 
BOBF.2 . 6c 
4687.617... 
4088. 360... 
4688 . 869... 
a) 
4690.292... 
4691.189.... 
4691.824.... 


Plates Inten. Remarks 

I o | half, real? 
I o | half, real? 

: 1 |— 2 

; 1/—1/H 

‘ 1/— 2/n,H 

; 1/— 1/n,h 

: 1/—1|H 

1 |— 1 | H, dif 

1|/— 1/]H 

: I x | Et dif 

E I 3 | h; A 486 

‘ 1 |— 1 | b, d? dif 

, 2 ee 

: * rin 

; 1 |— 1 | H, real? 

; I |— 2 

#) Renae tr 

+. eee tr 

; I tpt 

j 1 |— 1 | H, dif, p 

: 1/— 2|H 

1 |— 3 | H, indist 


nothing seen 


: 1 |— 3 | H, indist 
: 1/— 2}h 
1 |— x | def. real? 
; I 1: dif 
, I o | dif 
; 1|— 1] n,h 
: I o | b, H, dif 
See tr? 
3 RO” tr? 
: 1/— 1|/|n,h 
; 1/— 1] n,h 
; 2 o/n,h 
2 oj]n,h 
I o|n 
1|/— 2/h 
I o|n 
1/— 1]/n 
1/— 2/h 
1/— 1]/n 
Ff eee pee absorp not m 
1 |— 1 | inclined p 
Ij- 1]n 
1j/— 2|H 
: 1|/— 2/H 
1/— 1|H 
; 2|— 2|H 
I ojh 











Salle? O80 s 97 Zr" 
.90 Fut; .o8 Fe 

.35 Cd 

05 Al*; .19 Fe 

.71 Fet; .76 Lat dist 
Forbidden Fet? 
Inten. o on B 249 
.44 Er; .54 Nit 

2 CF 

Ihe ses 7* 

.2 Nt; .2 Nb 

.ot La 

Sa; Ce 


15 Cd 

.852 Fe; .07 Er 

Zn dist; Cet 

W dist 

Cr 

.46 Fe 

.12 Fe 

.57 Fe; .33 Y* too distant 
43 2%, .57 Te 





| .50 Fe 
| .15 Fe; .38 Fe Pred 
| .16 Lat 
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TABLE IV—Continued 


























yEMINORU} | 
viaiat SEE a ae | Lanoxarory 
nares r Lad Inten. | Remarks | d, Element, Etc. 

4692.396..... 2|— 2 | h | .49 Lat dist 
4603.07%..... 1 |— 2 | sli.b, H | .o Sb 
A003 287 sic 1/— 2|H | .19 Co 
BOOZ. FOF casos 2|— 2 | h nee nee: fer en 
4604.302..... 2j~ 2} h .31 Gd 
4696.782..... 1/— 2/H .80 Y; .92 Ti 
4608.167..... 1/— tr] n,h .30 Sct 
4608567... . 1|/— 2|n,h .49 Cr; .62 Cr 
4608.769..... I oo} b .74 Crt Pred; .79 Tz 
4701 .240..... I o|H .16 Mn; .35 Ni 
A703 SOS. 5. «<. 1 |— 1 | modn,H 54 Nt; 65 Al? 
AJOR ELF e534: 1|— 3] H,p Bs ac: 5: skin Satan ae eae eG ore ae eee 
A7O2:073. .s + 2 2/h 07 Mg dist; .03 Zr* 
4703..300.....: 2 oj; n PO ey EE ee tree rk 
4703.989..... I o|n,f aa a re ere 
4704.478..... I o|n,f | .40 Sat 
BI OR Bre ot: Os bance tr | Bi; O+ 
4706.388..... 1/— 2/n,h | .54 Nat 
AIOT 020025: I1j/— 2/n,h Ree err rere errr scat 
4707.580...;. 1|/— 2/n,h | .49 Fe; .52 Pr 
A7O8.037... «+. 1/— 2/n,h | .04 Cr; .1 Pr 
4708.483..... 2 a )| eae F | 66 Ti* 
4708 .838..... r |— 2} “Peet merged, prob. | 81 Ca; .y7 Fe; T3 

- 3 due to lines between| Sey : 
4700. 285..... I |— 2) | .09 Fe; .33 Sc 
4709.996..... 1/— 1|H .08 Zr dist; .04 OF 
4710.782..... 1 |— 1 | H, dif, def | .8 Sb; .9 Zr 
BPERs T9A6 we es Ei~ 3 Bc Sain ide Win cau 'k aim, dinate Se wie eae anne 
Py ih)? ee I |— 2 | v.p, real? | .48 Fe; .8 Sb 
4712.840..... 1/— 3/n,h | .oxr Lat 
ATES 40% 6 6c. I o | indist | .37 Fe; .42 Ni sensitive 
4925 .674...%. I|-— 2 | n, h, inclined | .58 Nat; .76 Ni 
VC? a | eee I I | H | .7 Bi; .5 Bi sensitive; Cr 

| 





—1, —2, and —3 have been substituted for intensities 00, ooo, and 
0000, respectively. The ‘‘Remarks,” which were recorded at the 
times of measurement, refer to the character of the lines. The follow- 
ing abbreviations were employed: 


absorp = absorption f= fair 
b=broad ft=faint 
comp. r=companion on red side ftr=fainter 
comp. v=companion on violet side g=good 
d= double h=hazy 
def = defective H=very hazy 
dif = diffuse half = half-length 


dist = distinctive incl = included 








g2 SEBASTIAN ALBRECHT 


indist = indistinct sli=slightly 
m= measurable str=strong 
mod = moderately tr=trace 
n=narrow u= uncertain 
p= poor v=very 
prob = probably vi= violet 
s=sharp 


The identification of stellar lines with the elements which give 
rise to them is in large measure dependent upon relatively accurate 
positions as well as upon the more qualitative inferences drawn from 
laboratory data. In complex spectra, such as all but the simplest 
stellar spectra, interpretation is subject to future revision to the 
extent to which current theories will be modified and give way to 
new theories. However, the actual measures will probably have a 
more permanent value. 

Considerable data were accumulated to aid in making decisions 
as to the components involved in blends. A preliminary study had 
shown that many of the prominent lines in the spectrum of y 
Geminorum could readily be identified with singly ionized lines of 
Fe, Ti, and Cr. Evidently conditions in the atmosphere of ~ Gemi- 
norum favor ionization. Consequently, all available lists of enhanced 
lines were drawn upon, supplemented by lists of the strongest lines 
appearing in the spark spectra of 48 elements. Also, such other lines 
were selected from the spectrum of each element as by inference from 
the actual and relative intensities in spark and arc and from the 
temperature classification seemed most likely to occur in the stellar 
spectrum if the element in question is represented at all. Lines which 
are weaker in sun-spots than in the sun are especially good prospects. 
Lists of spectroscopically classified lines, such as those by Russell, 
by Burns and Walters, and by others, proved particularly valuable 
in establishing identifications through multiplet relationships. The 
excellent paper by Dunham’ on the spectrum of Alpha Persei, con- 
taining many spectral classifications not found elsewhere, proved 
very useful. Numerous other published lists of wave-lengths were 
consulted repeatedly, including Kayser’s Tabelle der Hauptlinien 
der Linienspektra aller Elemente, the Mount Wilson Revision of Row- 


* Contributions from the Princeton University Observatory, No. 9, 1929. 








THE SPECTRUM OF GAMMA GEMINORUM 93 


land’s Preliminary Table of Solar Spectrum Wave-Lengths, and 
Twyman’s Wave-Length Tables for its lists of the principal “distinc- 
tive” lines. 

The last column of Table III contains laboratory data which in 
many instances establish the identifications of the observed lines 
with practical certainty. The elements are arranged in the order of 
decreasing importance in so far as this is known, the most important 
being given first. When the order of importance is not known, the 
elements are given in the order of increasing wave-lengths. In many 
cases the data given indicate merely the nearest laboratory lines 
to the observed stellar wave-lengths. This fact may often be inferred 
from general considerations based on modern theory. Thus, for ex- 
ample, it would seem that for elements with very low ionization 
potentials the arc lines, excepting “‘distinctive”’ lines, may be ruled 
out at once as improbable identifications. Similarly, lines which re- 
quire very high excitation potentials, with an occasional exception 
like Ct, \ 4267, are absent. In most instances lines of this nature 
have been excluded from the last column. The recent analyses of 
laboratory spectra on the basis of the modified Bohr theory have 
proved so successful that the main features of the interpretations 
given must almost certainly continue to hold, no matter what the 
future may have in store for the theory itself. 

In instances where most of the lines of a spectroscopically closely 
related group are apparently absent, identifications with one or two 
members of the group are to be regarded as uncertain. On the cen- 
trary, when the accordance with a classified group is good, both as 
to the observed positions and as to the relative intensities, the 
identifications may be regarded as established. A large number of 
examples of beautiful accordance could be cited, a few of which will 
suffice. Thus, strong “‘distinctive” 4395.0 is a member of Russell’s 
Ti* multiplet No. 28, of which 4443.8 is of approximately the same in- 
tensity in laboratory spectra and in that of y Geminorum, and 4450.5 
is appreciably weaker in both. The seven lines of Fe (1f’—1g’5) run 
strikingly parallel in intensity in laboratory and star. The spectro- 
scopic classification of the lines not only definitely established the 
identification of six of them, but for the seventh, 4294, it became at 
once evident that the stellar line was not due mostly or entirely to 
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Ti*, as was at first supposed, but that its intensity is to be attribu- 
ted about two-thirds to Fe and one-third to Ti+. Thus, also, the 
stellar line 4315.0 can with assurance be assigned in major part 
to Tit of (1p'—1d’), the Fe component belonging to the mul- 
tiplet (1p’—1s’5) being responsible for perhaps one-fifth of the 
total intensity of the blend. The stellar line 4549.5 is a blend of 
Fe*, 4549.48 and 77*, \ 4549.62. While a discussion of stellar and 
laboratory intensities of the multiplets of which these components 
are members indicate stellar intensities for them in about the ratio 
of 2 for Fe*+ and 4 for 77*, consideration of the observed wave-length 
of the blend would tend to equalize these intensities. For the star 
line 4589.98 the temptation is great to regard the Cr+ component as 
unimportant, the 77* component being of suticient relative strength, 
judged by its multiplet relationship, to account for the entire stellar 
intensity. 

However, it is somewhat disconcerting in tracing out multiplets 
to find some, like Ti (1f5—2d’5), for instance, for which the stellar 
intensities do not follow the order of the laboratory intensities. 
Occasionally the discordance pertains to only a single line, as for 
4320.95 of Russell’s Tz7*+ multiplet No. 36. Such identifications will 
probably prove to be not final or incomplete. There are a number of 
other seeming inconsistencies, as when a strong enhanced line, in 
some instances several enhanced lines at or close to a common 
wave-length, is either absent from the stellar spectrum or is repre- 
sented by only a weak line. Something in the nature of the quench- 
ing effect, under the favorable conditions prevailing in the complex 
gas mixtures of the stellar atmosphere, may be responsible for many, 
and perhaps most, of these apparent discordances. 

Of all the lines measured, Hy 1s by far the strongest, followed by 
the enhanced magnesium dou!,let at 4481. Many of the other strong 
lines are enhanced. Adams and Russell found 77 per cent of the 
observed lines in Sirius (class Az) to be arc and only 23 per cent 
enhanced lines. In y Geminorum the percentage of enhanced lines 
is somewhat increased. Of the 326 lines of intensity 1 or greater, 
276 have been identified as being due in nearly equal proportions to 
ionized and neutral atoms. Included in the former are Fe*, 27 lines; 
Reto" as et 77 Ce", 15; "35 Se’, 83 HO", 55; 4; 
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Mo*, 4; Mn*, 4; Mgt, 3; and Pr*, 3. Among the group of brighter 
lines due to the neutral atom are Fe, 42 lines; Ti, 17; Cr, 17; Mn, 
9; Ca, 7; V, 5; and Nz, 4. 

Other elements which have measured lines are Al*, Ba and Ba‘, 
Lat, Bi and Bit, Nit, Ru, Pb, Nd, Yt, Cst, Eut, Sb, and Er. Pt, 
As, Os, Ho, and Yb seem to be absent. Gd+, Zn+, Te, Sr, Nb, Ir, 
Co, Ag+, S, and Cl proved more or less indeterminate, owing in 
part to the fact that their prominent lines are in coincidence with 
lines of other elements. When only a small number of lines of an 
element are available, a few such coincidences render a decision 
either difficult or impossible. For elements which are poorly repre- 
sented by lines in the region of spectrum covered by the plates, an 
extension of the observations toward shorter and longer wave- 
lengths is essential. Without question, a wealth of untouched ma- 
terial is awaiting an extension of stellar work, not merely to the 
immediately adjacent regions, but to the limit in the ultra-violet 
which could be reached by suitably chosen equipment and altitude 
of observing station. 

About 80 of the so-called “distinctive” or “sensitive” lines are 
present, some of which are due to ionized elements. Of the lines of 
intensity 1 or greater due to the neutral atom, 27 are “‘distinctive.”’ 
Ca is especially well represented, 5 of the 7 strongest Ca lines being 
included in this number. In fact, all of the 12 “distinctive” Ca lines 
listed in Twyman’s tables are represented by measures. 

The inference has been drawn that, because of its lower ioniza- 
tion potential, 77 should be ionized to a greater extent than Fe at 
the high temperatures prevailing in the atmospheres of class A stars, 
and consequently neutral Fe should predominate over 77. This in- 
ference is confirmed for y Geminorum. Among the lines of intensity 
greater than zero the measures include 42 Fe lines of mean observed 
intensity +1.8 and only 17 77 lines of mean intensity +1.3, or two 
and one-half times as many Fe as 77 lines as well as a slightly higher 
average intensity. The significance of this preponderance of neutral 
Fe over neutral 77 is emphasized by the fact that the number of Ti+ 
lines (36) exceeds those due to Fe+ (27), and by the relative numbers 
of ‘‘distinctive” lines measured, which are as follows: Fe, 8; Ti, 1; 


Fet, 0; Tt*, 7. 
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No appreciable relative displacements of lines seem to be present 
between Fet, Ti+, and Cr+, or between lines originating from differ- 
ent neutral atoms, or between those due to neutral and those due to 
ionized atoms. The very slight violet displacement of enhanced lines 
relative to arc lines indicated in Table V probably has no real 


significance. 
TABLE V 


TEST FOR SYSTEMATIC DISPLACEMENTS OF ENHANCED AND ARC LINES 
(Observed \—Laboratory }) 


























ENHANCED LINES Arc LINES 
ELEMENT ; | l . 
| Displace- | No. of Mean _ | Displace- No. of Mean 
| ment Lines Intensity | ment Lines Intensity 
| A A 
eer | —.O17 25 +2.7 | —.005 49 + 0.3 
Metter 6 — .orI 27 +2.4 | +.001 21 — «I 
ee — .005 IO +1.4 | —.009 14 + .2 
ee ick casei erates .000 8 +1.8 | 
RE Re Cree | —.016 28 + 
eS ee + .o10 14 +o.4 | 
el i eR aE Ea — .002 13 — 9 | 
Be tntciina, pt aeknh 2s — .004 9 — .o | 
eg ihn a ohm beste + .014 fe) — I | 
WW aha esac watatars tate ai ee +.023 | 3 + .3 | +.01§ 4 | + .8 
EE earns oa — .o16 5 + .4 | +008 9 —- wf 
_ RE EEN Pe ree — .028 6 +o0.2 | 
ER ee | +.038 4 — 0.4 
ee eee ore | —.02 I +40. 
Cf re .00 6 +2.7 +.0o10 2 — 0.5 
9 A aE ee | +.008 5 +0o.4 
BD. Stine actor Ste | —.025 4 +o0.5 | 00 I O. 
ie ee ee | -.0r7 3 +1.0 | +.03 zr | —2. 
Mean (a)*..... | —.o10 | 83 +2.1 | —.002 ror. «| +01 
Mean of all... .| —.005 | 147 +1.2 | —.004 134 | +0.4 
| | | 








* Mean (a) is for elements represented in this table by both enhanced and arc lines. 


The Bohr atornic theory, in spite of its beauty and wonderful 
success in completing known series, in predicting series which had 
been entirely unknown, and in harmonizing numerous previously un- 
related facts, is still unsatisfactory in some important particulars. 
No theory will inspire confidence in having formulated ultimate rela- 
tionships between the ninety-two known forms of elementary 
matter, which, except for the decomposition products of uranium 
and radium, merely allows of the possibility of breaking down an 
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element into something which has a structural resemblance to, but 
is not identical with, another element. With a number of secondary 
interrelations between the elements indicated, a more fundamental 
relation seems to be required, whether it be in the nature of an 
actual transmutation of one element into another or in the breaking- 
down of all the elements into one or more common, presumably 
identical, units of a lower order. In such a probability lie visions of 
possible future discoveries vastly greater than the combined dis- 
coveries of the past. Stellar spectra may be expected to contribute 
in large measure to a more satisfactory solution of the problem of 
the nature of matter. 


It is a pleasure to express my indebtedness to Professor Frost for 
the use of the spectrograms; to the American Association for the 
Advancement of Science for a grant, a portion of which was used for 
the purchase of a daylight lamp; and to the Rumford Committee of 
the American Academy of Arts and Sciences for a grant to cover the 
cost of the Gaertner spectro-comparator. 
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NOTES ON THE SPECTRA OF TEN BRIGHT-LINE 
STARS OF CLASSES B AND A’ 
By PAUL W. MERRILL 
ABSTRACT 


Among the stars whose spectra have been found at Mount Wilson to exhibit bright 
hydrogen lines are a number with peculiarities of special interest. Ten of these are here 
briefly described. 

Peculiarities of special interest have been found at Mount Wilson 
in the spectra of more than twenty bright-line stars of early type. 
Descriptions of the following have already been published: H.D. 
45910;? H.D. 51480;3 DM. —27°11944;3 H.D. 53179, Z Canis Majoris;4 
B.D.+ 14°3887;4 H.D. 169515, RY Scuti;’ H.D. 163181;° H.D. 45677;7 
H.D. 207757, B.D.+11°4673.8 A few others are being extensively 
observed and are reserved for future detailed discussion. For the 
ten remaining stars, for each of which there are two to thirteen 
spectrograms, it does not appear feasible to obtain long series of 
observations in the near future. These are briefly described in the 
present Contribution. 

These ten stars (Table 1) are among those in whose spectra bright 
hydrogen lines have been detected at Mount Wilson from objective- 
prism spectrograms of the Ha line. Data concerning all but the 
last, H.D. 218393, which has not previously been announced as 
having bright lines, will be found in Contribution No. 294.° 


* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washington, 
No. 409. 

2 Publications of the Astronomical Society of the Pacific, 35, 303, 1923. See also Plas- 
kett, ibid., p. 145, 1923. 

3 Mt. Wilson Contr., No. 295; Astrophysical Journal, 61, 418, 1925. 

4 Mt. Wilson Contr., No. 334; Astrophysical Journal, 65, 286, 1927. 

5 Mt. Wilson Contr., No. 349; Astrophysical Journal, 67, 179, 1928. 

6 Humason and Nicholson, Mt. Wilson Contr., No. 353; Astrophysical Journal, 67, 
341, 1928. 

7 Mt. Wilson Contr., No. 355; Astrophysical Journal, 67, 405, 1928. 

8 Mt. Wilson Contr., No. 381; Astrophysical Journal, 69, 330, 1929. 


9 Astrophysical Journal, 61, 389, 1925. 
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The plates designated by C in Tables II-XII were taken with a 
one-prism spectrograph attached to the too-inch telescope; those 
by y, with a similar spectrograph attached to the 60-inch telescope. 
An 18-inch camera was employed in both instruments, giving a 
dispersion at Hy of about 35 A per millimeter. Unless otherwise 


TABLE I 


List oF STARS 






































| | 
} SPECTRUM 
H.D R.A. 1900 DEc. I900_-—C | Mac. - 
| HD. | Mt.wW. 
29866....... 4h37m3 +40°36’ | 6.1 Bs | Baev 
PC ae ee 6 25.6 +11 9 | 5.8 | Bo | Bev 
TOOGOR ss oss £7 32.0 — 33 20 | 8.7 | B8 B8ev 
s65906....... 17 50.3 —21 56 6.6 | Ao A2ev 
PODER. c6\..0 ss 18 19.6 —1I4 2 6.8 Bo Boe 
T72004. <6. 18 36.5 —1557 | 8.3 | B3 | Bep 
LSORO 6. 2s. - IQ F1.3 +1256 | BY | Bo B(3)e 
ly, 19 23.0 | +18 6 | 6.9 B Bosea 
LORAOT. «3.0 - | 2026.0 | +3639 | 7.7 | Bs B(a)e 
PEBAOA. 6 0a 0ia i 2 28 | +49 40 6.8 Asp | var 
| | | 
TABLE II 
SPECTROGRAMS OF H.D. 29866 
——S == 
Plate Date Remarks 
Me ics Saher 4 | 1920 Dec. 30 
Cees ae | 1921 Jan. 5 
pa A kc 7 Oe Sane gee ea | xo22Oct. 7 
Sale 1c: - PP eee aiatry? | 1923 Feb. 5 | Region from H8 to Ha 
PUSS. a eccis dccnis } r925"fam. 13 | 
DO oe ep i a | Mar. 1 
RR cl sk i eras | 1926 Aug. 25 
Ae HMO oy, 28 2c albicans | Dec. 14 








noted, the spectrograms are of the usual blue-violet region. The G 
plates are of the yellow and red regions; these were made with a 
plane-grating spectrograph attached to the too-inch telescope, and 
have a dispersion of 66 A per millimeter. 
H.D. 29866 
This spectrum is not particularly noteworthy except for small 


changes in the bright components of the hydrogen lines, described 
in the following notes. 
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On plates C 838 and C 855, H8, Hy, and Hé are broad, diffuse 
absorption lines with iil-defined edges. Hf is weak, as if partly 
filled with emission. Its width is about 16 A. The helium lines are 
weak and diffuse. Mg 4481 is weaker than He 4471. y 11374 is a 
rather poor plate but shows no certain change. Ha is a well-marked 
emission line on plate C 2106; H® is about the same as on previous 
plates. Plates y 13216 and y 13265 exhibit small but decided 
changes in Hf and Hy; weak emission features appear within these 


TABLE III 


SPECTROGRAMS OF H.D. 45995 








| | 
| | DISPLACEMENT Ev 











I ly a. R 
PLATE JATE | INTENSITY | AD. VEL. | 7 
| Ratio Er: Ed | | | 
| 
| | Hy | HB 
| | | km/sec | km/sec km/sec 
CO RB asd dss) EO2E Bct.. 26 | Oo | +32 | ee OE Sar pteyc'e 
Is. Aiea uate | 1922 Oct. 8 OEE Vane vcedeiee | 33 | —35 
MW NMBRS Os ose 65°08 Nov. 5 ee Sees oe 61 27 
eo ee | 1923 Jan. 6 0.0 | 5 ce aieiesl ea 59 COSY 27 
ei ee Sept. 29 | Bee) Ailes «es 83 | 65 
i | 1924 Feb. 19 | 0.3 an 77—«| 64 
¥ 12509.......... Feb. 21 °.7 «| 13) | 73 gI 
AMOUNT cos ale os « | Oct. 8 | 0.6 | sr | 96 73 
id Sis dices cin Vie Dec. 14 | 0.8 Sie NG oests ks | —89 
ae fc 1925 Mar. 15 | 0.8 ee i a ere 
Eee nae SAO oe etl Sms Seats) Meoia Mapes eee PRR ys cee eiscdteresat is. ole aueors 
Faint companion 
a Wess oc aa | 1920 Dec. 30 Wander {sos ce ceass (ee eee reas) enter ae eee 
exposed | 
BA owas Gal DER. OR i ceaweens ae Mee en ores eeereey 





broad, dark lines. The violet emission component, £2, is stronger 
than the red component, Er. The separation of the bright com- 
ponents is 4 or 5 A. On y 14466, Ev and Er have nearly equal in- 
tensities. The spectrum appears much the same on y 14760 as on 
the preceding plate, but the emission components are weaker. 


H.D. 45995 
This star is a double, 6 G.C. 3427: position angle 3°8, distance 
16”3, magnitudes 6.0-8.2. 
HB consists of a weak, ill-defined absorption line on which are 


superposed two emission components of moderate intensity. On 
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certain plates these are run together; on others, distinctly separated. 
The average measured separation is 3.4 A. The violet component, 
Ev, remains of approximately constant intensity, while the other, 
Er, is decidedly variable. On the first plate and the last two, the 
components are of nearly equal intensity, but on several plates 
taken in 1922 and 1923 Er is weak or invisible. Table IIT gives es- 
timates of the relative intensities. These suggest a period somewhat 
longer than five years. 

Hy resembles Hf except that the emission components are ex- 
tremely weak. The average separation is 3.4 A, the same as at 
H6. Er is of variable intensity as in H6. The displacements of 
the violet emission components of Hf and Hy are given in Table 
III. The displacements are smallest when the red component is 
very weak, apparently indicating a motion of Ev toward the center 
of the line. At H® the effect might arise from a systematic error of 
measurement when both components are visible, but at Hy the 
components are probably too weak and too well separated to pro- 
duce such an error. The accuracy of the measurements is low, 
and small differences between various plates are without meaning. 

The helium absorption lines are weak and diffuse and are thus 
unsuited for accurate measurement. It is therefore difficult to de- 
termine the radial velocity. The values given in Table III depend 
largely on the assumption that the central minima of the hydrogen 
lines occupy the normal positions of these lines. In several cases 
the helium lines give approximately the same velocities, but the 
measurements are scattering. K, measured on two plates, gives 
+18 km/sec. 

The companion star is of type Ao. The mean velocity from six 
lines is +6 km/sec. The agreement of individual lines is poor. 

Plaskett obtained seven spectrograms’ of the brighter star 
(B.D.+11°1204) between October 28, 1922, and March 20, 1923, 
which showed “‘fuzzy absorption lines of helium and hydrogen with 
narrow sharp emission at HB and Hy.” This is in agreement with 
the Mount Wilson observations, for at that time the second emis- 
sion component of H6 and Hy, Er, was invisible. 


* Publications of the Dominion Astrophysical Observatory, 2, 306, 1924. 
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H.D. 160095 

On the first plate, Hy is a strong, well-defined absorption line 
with a faint bright edge on the violet side. The measured distance 
between the centers of the bright and dark components is 2.14 A. 
HB is somewhat similar except thaf the bright part is stronger and 
the absorption line much weaker. The measured distance between 
bright and dark components is 2.91 A. Weak absorption is probably 
present on the violet side of the bright portion of Hf. This is not 
clearly seen at Hy. The principal dark components of H6 and Hy 
agree in giving an apparent radial velocity of +25 km/sec. Seven 
dark lines of ionized iron give +35 km/sec., while He 4471 and Mg 
4481 give a much larger value (see Table IV). \ 4481 is a broad 


TABLE IV 


SPECTROGRAMS OF H.D. 160095 














PLATE | DATE | — 
| | H Fe He 4471 | Mg 4481 
C¥g90......4:3 | 1922 July 9g | +25 | +35 | +110 | +art 
C ssa6.... | 1929 July 19 | — 6 [renee eeener rere rere [RRR 





line, but fairly well defined and measurable with reasonable ac- 
curacy; \ 4471 is weaker and more difficult to measure. The ex- 
planation of the decided difference between the displacements of 
these lines and those of iron and hydrogen is not obvious. 

The second plate is underexposed, and Hf is the only line well 
shown. The absorption component is sharply defined and stronger 
than on the first plate, while the emission component is scarcely 
visible. The spectrum is weak toward the violet from \ 4400. Hy 
can be seen, however, and is essentially an absorption line with no 
visible bright portion. Lines of iron, helium, and magnesium are 
not clearly seen and are probably weaker than on the other plate. 
This star may belong to that small group of Be stars which have 
a Cygni lines of variable intensity. 

The difference in the measured displacements of the dark hydro- 
gen lines on the two plates probably represents a real change in the 
position of these lines. The shift toward the violet exhibited by the 














SPECTRA OF TEN Be AND Ae STARS 103 


second plate as compared to the first is accompanied by the dis- 
appearance of the bright edge. This suggests that an underlying 
bright line serves as the background for an absorption line whose 
position varies. The phenomenon may be similar to that displayed 
by the long-period binary H.D. 33232, whose spectral variations 
will be described in a future Contribution. 


H.D. 163296 
On most plates Hy is a wide dark line, which has, however, a 
narrow minimum measurable with fair accuracy. This minimum 


TABLE V 
SPECTROGRAMS OF H.D. 163296 


DISPLACEMENTS OF ABSORPTION LINES IN Km/SEc. 























PLATE DATE — = 
Hy Hg | Mg 4481 | Fe and Ti 
re ee | 1921 July 26 | — o1 —144| -—1 ? 1* 
RARE ooo are tals | 1923 May 28 | —200 — 209 +5 | ? 4 
lg) Se ee ee ps Se Meee ee eee Ree 
A RAGE 568 a's eels 1924 Apr. 18 |(—100) — 99 ~~ | ~ae 5 
PP BAG seo ne eens | May 20 | — 36 — 9s) =e | 12 5 
PANBOE FS oo v.55 weiss BOCCE. ES ewe Parente! Fieger ey PEER E SET Oo 
AP UROREN Ss vois attic ee 1927 June 17 | —150 —178 + 2 9 3 
HON ora say ok 1928 July 5 | + 13 + 12 + 5 : 3 
Og SN Pine rarer ee | 1929 May 23] — 46 —119|//-—2 | -7 3 
FAIR 58.2 oo ciedbars caterers Ke oe we woke Koper aoe —4 SEE saweenas 
a Number of ines. 7 t Red region. : ? 


usually lies toward the violet from the center of the line; in fact, on 
several plates Hy might be described as a narrow dark line having 
a broad indefinite wing extending toward longer wave-lengths. HB 
is similar to Hy, except that within the wing on the red side of the 
minimum is a portion which tends to be bright. The structure of 
Hy and HB is variable. Table V gives the measured displacements 
of the narrow minima; these vary through a large range and suggest 
a period somewhat less than four years. Plate C 2287, although 
underexposed, shows Ha to be bright. 

Mg 4481 is a well-marked dark line, rather wide but with fairly 
definite edges. On several plates it appears to have hazy bright 
borders. Its displacement (Table V) is probably constant within 
the error of measurement. A few enhanced lines of iron and titanium 
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are faintly seen. They yield nearly the same displacement as the 
magnesium line. Thus we have variable hydrogen lines accompany- 
ing metallic lines which exhibit little or no change. 

Plate Hilger 25 was taken with a small ultra-violet spectrograph. 
It shows the unsymmetrical structure of Hy and Hé. He, H¢é, Hn, 
and K are strong dark lines, probably of normal strength for class 
A2. 

H.D. 169454 

H6 consists of a dark line having a bright border on its red edge. 

Ha. is similar except that the bright portion is much more intense. 
TABI.E VI 


SPECTROGRAMS OF H.D. 169454 




















PLATE | DATE a = l 
| Hy | HB | He On | Nan | Sim 

vy 10413..| 1921 Aug. 23| (—138)| —142 (+ 9) Ce a RY al +3 3* 
C rage. «| Aug. 25} 110/ 138 | +20 4] +20 20]........ +19 3 
¥ 10984. .| 2922 Ape. 13)( 38)) 142} —- § 3 | FIO 7 |........- +3 3 
y 10988. . | Apr. 14| Se Te AS Be SS Se eee 
y 11075..| May 16|( 80) 157 \(+18) 3 ere 5 eee ((—23) 3 
2508...) JOSS Mr. Fei. oss | 133 |]+19 3 | ec a al eae eee +22 3 
y IIQII..| June 30) ( ie: ot See |— 717 | SO ee (+12) 3 
c 2749... | 1924 Apr. 17!( 58)| 139] —33 2] Bi PR ass. 5 sive-y. gion’ — 8 3 
y 12608. . | June 11| 62] 126|—14 5]|— 216 Jrveeeeees — 7 3 
y 12974. .| oe) | re | 126 |(—31) 4 | —6 5]. —27 3 
¥ 14487..| 1926 Aug. 29] — 53 | —134 |(+11) 4] +11 11 ]......... i-@9 3 
G 360. . | 1930 Apr. 16]..:.... Ptrase ors A eee Peper Joccceceeeleeeeeeees 
G 370. . | i re es Sahel ce ae vacenady Seer ire 

a es ime —141 |— 4 + 5 (+13) | -— 1 





* Number of lines. 


TABLE VII 


MEAN DISPLACEMENTS OF HYDROGEN LINES IN KM/SEc. 











Hy HB | Ha 
Emission. .... . Bs hose ack d's bait | + 63 | + 47 
Absorption... . | —72 | —I141 —159 


| a res +204 (3.3 A) | +206 (4.5 A) 








Hv appears wholly dark, but is displaced toward the violet, probably 
by a rudimentary bright line on the red side. The measured dis- 
placements of the effective centers of the dark portions of HB and 
Hy are found in Table VI. Additional data are given in Table VII. 
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Both bright and dark components of the Balmer lines are evi- 
dently displaced from the normal positions. The dark lines grow 
relatively stronger in passing from Ha to Hy and their centers show 
smaller displacements. The bright line, on the other hand, gives at 
Ha a smaller displacement than at 18, presumably because the rel- 
ative intensity of the absorption is less. 

The spectrum is notable for the prominence of the lines of O11. 
About twenty are measurable on the best plates, while several, 
including AA 4254, 4317, 4319, 4345, 4349, 4366, 4414, 4416, 4639, 
4642, and 4650, are conspicuous. The lines of Sz 11 also are strong. 
The spectrum resembles that of x? Orionis, but the Vm lines are 
less intense and the O11 lines slightly more intense. 

The measured displacements of the lines of several elements are 
in Table VI. The lines, while of fair quality for measurement, are 
not particularly sharp, and the results for individual lines are rather 
scattering. The radial velocity derived from the lines of He, On, 
and Simi is about zero. A few Nm lines give +13 km/sec., which 
may agree within error of measurement. The line Mg 4481 is weak 
and the measures unreliable; the mean displacement from six plates 
is — 28 km/sec. 

Measurements of the Ha line on the grating plates G 360, 379 are 
in Table VII. The dark helium lines 5876 (D3) and 6678 are con- 
siderably displaced toward the violet. D3 may have some emission 
on the red edge. The following lines are probably present: A/ 11 
5696.47, 5732.05; Sz ll 5739.62; N 11 5941.67. There is an unidenti- 
fied line near \ 5780. The sodium lines D1 and D2 are strong and 
well defined. They give a mean displacement of —7 km/sec., cor- 
responding to a residual velocity (after subtraction of the solar 
motion) of +7 km/sec., and are probably detached. 

This spectrum has several interesting features which would 
probably repay more detailed study. 


H.D. 172694 


HB and Hy are sharply defined absorption lines with emission 
on the violet edge. Weak emission on the red edge of HB may vary 
in intensity. Changes have not been noted in other features of the 
spectrum. The helium lines, wholly dark, are strong and well de- 
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fined. » 4549 Fe is a narrow, weak, dark line. Its presence causes 
confusion as to the spectral classification. The mean displacements 
of the principal lines measured are as follows: Hy, +40 km/sec.; 
\ 4471 He, +57; \ 4549 Fe, +58; HB, +58. The agreement of the 
last three is very close, although the individual values have consid- 
erable spread. The systematic relative displacement of Hy does 


TABLE VIII 
SPECTROGRAMS OF H.D. 172694 





Rad. Vel. 











Plate Date | 
| km/sec. 
VETER. oe aoe aaigees | 1g2t Aug. 14 | +49 
EMMIS 5 ooo 5 wiaio arava atettve ood | 1922 July 3 | 62 
MMIC S05 5) 4 ae sas ses | 1924 May 25 | 54 
Og Ba ee eed eee | 1925 June 1s | +60 
a ge | Buiiuaieany-wts teas | +56.1 
| 





not have an obvious explanation. Measurements of Hy were given 
half-weight in computing the apparent radial velocities in Table 
VIII. If these results correspond to the actual radial motion, then 
the residual velocity, +70 km/sec., is abnormally high for a B-type 
star. 

H.D. 180398 

TABLE IX 

SPECTROGRAMS OF H.D. 180398 








Plate | Date 
BRIO 2s chic oink eww oiecemey eee 1921 Sept. 18 
RM ee FASE os wie Wetenneeins 1924 July 19 
AEP a ics acetic op wenn eed 1927 Sept. 9 





Hy, Hé, and He are broad, ill-defined absorption lines. Hf is 
complex with weak emission superposed on a hazy, dark line. The 
emission is most distinct on the first plate; on the second it is very 
weak but clearly double; while on the last plate its presence is 
doubtful. The helium lines, wholly dark, are faint and diffuse. 

An objective-prism plate taken September 5, 1921, shows the 
bright Ha line much more distinctly than others taken July 6 and 
28, 1927. 
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The bright lines probably decreased in intensity from 1921 to 
1927. 
H.D. 183143 
On the Mount Wilson spectrograms the dark hydrogen, helium, 
and silicon lines are generally strong and narrow; H8, however, is 
abnormally weak, and on plate C 4482 scarcely visible, probably 

















TABLE X 
SPECTROGRAMS OF H.D. 183143 
Plate Date | Rad. Vel. Remarks 
| km/sec 

AS SSAOe bas 1921 Sept. 18 +12 
1099.38 i: 1922 Oct. 7 | ig home ets Red region 
C 164Os.s cs ON, SR ease Ace Red region 
ETRE 6, 64s Oct. 16 | 14.4 
CC BAAO es 6s. ok, el a Sees Red region 
¥ 12821... +... 1924 July 21 | 13.4 
ME ok 5s 1927 Oct. 14 | 6.8 | 
ay | eae Bg One AE lec vice tenes | Includes red region 
a ae 1930 Apr. 17 | 14.1 | 
G fi5r55 2.2 Apr. 13 | +16.1 | 

PON eo is pds cn ee | +12.8 SR IPR < 


because the absorption is nearly balanced by emission. Ha is a 
bright line of low intensity. \ 4471 and \ 4481 form a pair of un- 
usually well-defined lines. The spectrum must have been quite 
different on the plates used for the Harvard classification, as the 
Henry Draper Catalogue states: ‘The spectrum appears to be nearly 
continuous.” 

On the grating plates Ha is seen in emission. The following lines 
are dark: He 5876, 6678; Si 11 6347, 6371; Na 5890, 5896, together 
with several unidentified lines of which the following are the most 
important: 5780, 5796, 5944, 6283, 6613. The first of these is near 
the silicon line 5780.38, but this line is of low intensity in the 
laboratory and has been ascribed by Fowler’ to the spectrum of the 
neutral atom; hence its identification with the stellar line is improb- 
able. Several atmospheric lines are known near \ 6283, but these 
do not seem sufficiently intense or in quite the right positions to 
account for the line in the spectrum of H.D. 183143. The identifi- 


* Philosophical Transactions of the Royal Society, A, 225, 41, 1926. 
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cations of these lines will be further studied when additional data 
become available. 

The radial velocity exhibits no large variation from its mean 
value +12.8 km/sec. The largest residual is given by plate C 4482, 
but this does not clearly exceed errors of measurement. As far as 
present data go, therefore, we may consider the velocity constant. 

The sodium lines, which are strong and well defined, give a mean 
velocity of +3.4 km/sec. The correction for solar motion is +18.4 
km/sec., giving a residual velocity of + 21.8, which is high for de- 
tached lines. The lines are abnormally strong for the spectral type 
of the star, however, and may be blends of stellar and detached 
lines. The H and K lines of calcium are also strong. Their displace- 
ment, measured on plate C 4482, is —11 km/sec., but this deter- 
mination unfortunately has low weight. These lines require further 
observation. 

This star is abnormally red for one of class Bg. Viewed on the 
reflecting slit of the spectrograph, it has an orange tinge like a K- 
type star. Miss Burwell has carefully compared its spectrum with 
others of various types on several objective-prism plates taken with 
the 1ro-inch telescope from 1920 to 1927. She finds that the ratio of 
the intensity of red light to that of the blue-violet light is very nearly 
the same as for the spectra of Ko stars. The color-curve, however, 
does not appear quite identical with that of a Ko star, but may be 
slightly higher in the green and the ultra-violet. The color index 
determined on July 3 and 4, 1930, by Dr. B. W. Sitterly with the 
10-inch telescope is +1.3 (international system). This is approxi- 
mately the value for a giant G7 star.’ 

Several features of this spectrum are very interesting and merit 
further investigation. 

.D. 195407 

HB is a bright line with a narrow central minimum. At Hy the 
bright portions are fainter than at H, and the dark center is strong- 
er; it would more naturally be described as an absorption line with 
bright borders. At 6 the bright borders are not seen. On the first 
plate the bright portions of H8 and Hy are stronger and the dark 
centers weaker than on the 1924 plates, among which slight varia- 


t Seares, Mt. Wilson Contr., No. 226; Astrophysical Journal, 55, 165, 1922. 
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tions probably occur. The behavior may be somewhat similar to 
that of @ Persei. The average separation of the bright components 
of Hy is 3.1 A, of HB 4.0 A. The spectral type is not well defined 
and may vary. 

TABLE XI 


SPECTROGRAMS OF H.D. 195407 








Plate Date Rad. Vel. 











km/sec. 

CRs x A esaiciss | 1g2t Sept.1g | —68 

y 12596...........| 1924 Apr. 21 | 82 
WF BIOBR: oo cs cn oes | May 24 | (Underexposed) 

5 ys re June 15 | 82 

© MM eo ete cal Nov. 8 — 66 

| Co Do, a eign eh Oe | —74 





The radial velocities depend largely on the hydrogen lines, but 
the lines of helium and iron, although very weak and seldom meas- 
ured, appear to yield approximately the same results. The residual 
velocity, —57 km/sec., is high for a B-type star. Detached H and 
K, measured on plate C 3072, give the velocity —15 km/sec., cor- 
responding to the small residual velocity +2 km/sec. 


H.D. 218393 


Ha was suspected to be bright on an objective-prism spectrogram 
taken with the 1o-inch telescope on November 18, 1920, by Mr. 
Milton Humason. 

The following remark occurs in the Henry Draper Catalogue: 
“The lines are very narrow, and the intensities resemble those in 
the spectrum of a Cygni, H.D. 197345.” 

On the Mount Wilson spectrograms the hydrogen lines are vari- 
able in structure and intensity. Hy is chiefly a dark line, but on a 
few plates it has a distinctly bright edge toward the red. H®6 con- 
sists of a broad, hazy, dark line with a double bright line of moderate 
intensity centrally superposed. The relative intensities of the two 
bright components change considerably. Their average separation 
is 3.92 A. On the grating plates G 21 and G 273, Ha is a very in- 
tense emission line with a narrow, nearly central, reversal. 

The similarity to a Cygni noted by Miss Cannon is exhibited by 
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certain Mount Wilson plates, particularly y 11288 and y 13157, 
more strongly than by others. On these plates the a Cygni lines 
are conspicuous, while on yy 12988 they are but faintly visible. 

The measured displacements of the absorption lines of various 
elements are given in Table XII. Most of the lines are not sharply 
defined, and the accuracy of measurement is not great. The helium 
velocities depend largely on \ 4471. Si lines at \ 4128 and XQ 4131, 
measured on four plates, give a mean displacement of +61 km/sec. 
Three 77 11 lines on plate y 13157 give +72 km/sec.; one line on 

TABLE XII 
SPECTROGRAMS OF H.D. 218393 








DISPLACEMENTS IN KM/SEc. 








| 
| 
PLATE | DATE |-——--—-— sf Leal anal eae ceacalel 
| | H He | Mga448r | Feu 

a | 1922 Sept. 1 (+22) | —74 +66 +51 
| rn | Sept. 27 —-13 | +1 25 +38 
Se a ee | 1923 July 25 | —18 | +21 +11 tare ree nee 
a ae eee | soeg Gept.as | -3 | ~S | +26 +27 
| A: Ceri: NCR 6B Doce case os Boxe yater reas Seve Pekerpnetoe ewe ore Meter bees tata 
rr | Oct. 7 | -—26 | —34 +15 —32 
Ct ke are Nov.1r {| =r f —32 {| -—-§6 | —27 
SEY ee Oe | 1925 Jan. 4 | +2r | -62 | +54 | +71 
Re OE see's ves June 15 “mm | ~ge | +3 (—33) 
AS Cee Mak | epep Get. 90° J... 2.5. es. EE Ee ALE, SEA ery eee ae eect Ue 





plate C 3348 gives —4o. In general the results appear scattering 
and difficult to interpret. Rather large errors of measurement are 
doubtless present, but the more outstanding discrepancies must be 
due to actual changes in the effective displacements of the lines. 
Comparison of the data of Table XII with the intensities of the 
a Cygni lines suggests that when these lines are strong they have 
large positive displacements, while the helium lines have negative 
displacements. 

The very strong K line, measured on plate C 3348, gives a dis- 
placement of —20 km/sec. The strong D lines on the grating plates 
give a mean displacement of — 27 km/sec. These lines may or may 
not be detached. We hope to make later a more complete investi- 
gation of several features of this spectrum. 

CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
June 1930 








A METHOD FOR DETERMINING THE DISTRIBUTION 
OF STELLAR ABSOLUTE MAGNITUDES FROM THE 
DISTRIBUTIONS OF PARALLACTIC MOTIONS AND 
RADIAL VELOCITIES’ 


By GUSTAF STROMBERG 


ABSTRACT 

The paper outlines a method for deriving the distribution of absolute magnitudes 
within a group of stars from the distributions of the reduced v-components of proper 
motions and of the radial velocities. The method is similar to that developed in 
Contribution No. 395, which was based on the distribution of 7-components. 

Mount Wilson Contribution No. 395? outlines a method for de- 
termining the distribution of stellar absolute magnitudes from the 
distributions of reduced t-components and radial velocities. A 
similar method has now been developed for the parallactic motions 
and is described in the following pages. 

The proper motion of a star projected on a great circle passing 
through the star and the antapex, counted positive toward the 
antapex, is the parallactic motion or the v-component of the proper 
motion. It is expressed in seconds of arc per year and may be re- 
garded as the sum of two angular velocities: a component due to 
the reflection of the sun’s motion relative to the group of stars 
studied and the component of the peculiar velocity in the direction 
of the antapex. If the distance R to the star is known, we can convert 
the angular motion into a linear velocity. The relation 


kRv=V, sin \+e (1) 


then holds. In this equation v is the v-component, V, the sun’s 
velocity relative to the group—-which is numerically the same as 
the group motion relative to the sun; d is the angular distance from 
the sun’s apex, ¢€ the linear peculiar tangential velocity in the direc- 
tion of the v-component, and & a constant depending on the units 


t Contributions from the Mount Wilson Observatory, Carnegie Institution of Wash- 
ington, No. 410. 
2 Astrophysical Journal, 71, 163, 1930. 
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employed. If R is expressed in parsecs and the linear velocities in 
km/sec., 
k=4.738 km year/sec. (2) 


The absolute magnitude M, the apparent magnitude m, and the 
distance R are connected by the relation 


M=m+5~-—5 log R, (3) 


where M is defined as the apparent magnitude at a distance of 10 
parsecs. Eliminating R between equations (1) and (3), we find 


rokvi0%-2("—-M) = V, sin A+e=y, « (4) 


In this equation v, m, and X are known for the individual stars. 
From the radial velocities we can determine the group motion V, 
and the distribution of peculiar radial velocities V’, which, under 
certain conditions, are statistically comparable with the velocities e. 

Before proceeding farther we must consider existing correlations. 
There is a strong correlation between v and w,, between M and 
e (correlation between absolute magnitude and average velocity), 
between V, and e (correlation between solar motion and velocity 
dispersion due to the asymmetry in the velocity distribution), and 
between ¢€ and X (since the peculiar velocity of a star is a function 
of the direction of motion), besides indirect correlations arising from 
those just mentioned. 

If the stars are so numerous that within the spectral range studied 
they may be subdivided according to M—by means of a criterion 
which need not be accurate—and also according to sin \, we may 
simply take the logarithms of both sides of equation (4) and, writing 

«=log v+0.2m=log v’ , | 
y=log u,—log k—-1, | (5) 
M’=o0.2M , 


obtain the fundamental equation 
x=M'+y, (6) 


where M’ and y may be regarded as independent since the range in 
M is limited. 
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These formulae are very similar to those used in Contribution 
No. 395, but there are some important differences. One is that the 
distributions of positive and negative v and y,, respectively, are not 
similar, as are those of positive and negative 7 and V’, respectively. 
The number of negative values of v and uy, is, of course, in general 
smaller than the number of positive values. But a positive or nega- 
tive value of v must correspond to a positive or negative value, 
respectively, of u,, whatever the distance or absolute magnitude of 
the star. 

We might discuss the positive and negative values separately, but 
usually the number of stars in the group studied is too small for a 
separate analysis of the negative values. Instead, positive and nega- 
tive values have been grouped together, which means that all have 
been regarded as positive. This is permissible since the numerical 
change in yw, with change in M is the same for positive and negative 
parallactic motions. The distributions used are therefore superposi- 
tions of the distributions of positive and negative parallactic motions. 

In limiting ourselves to the two zones for which sin \ has the same 
value, we must also limit the radial velocities used to determine the 
distribution of € to two corresponding zones. The direction of the 
tangential linear velocity € in equation (4) is the same as that of the 
peculiar radial velocity V’ for a star situated go° from the proper- 
motion star and on the same great circle, apex—star—antapex. 
Hence, deriving the distribution of y, we use the distribution of radial 
velocities for stars in two zones, one of which has an angular distance 
from the apex of \ plus or minus go’, according as X is smaller or 
larger than go’, while the other is at the same distance from the 
antapex. 

When the distribution of ¢ has been found, we can easily derive 
numerically the distribution of log |V, sin A\+e| and of y, the 
vertical bars here and in the following indicating that the signs are 
disregarded. The method for combining several independent distri- 
butions is given in Contribution No. 395. 

In most cases, however, the stars are not numerous enough for 
a subdivision according to both M and sin X. We then combine stars 
of different values of sin \; but since \ is known for each star, we can 
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reduce the dispersion in x by dividing with sin \. We thus find from 
equation (4) 





tohkvic™*zo-99 € 
sin d ie = _ ( 
It is clear that small values of sin \ cannot be used; sin A>o0.5, 
that is, 30°<’<120°, has been found to be a practical limit. This 
excludes stars around the apex and antapex, but the areas involved 
are together only 13 per cent of the whole sky. 
Taking the logarithms of both sides of equation (7) and introduc- 


ing the new variables, 


x=log |v|-+o.2m—log sin ), | 


y=log |u.|—log k—1, (8) 
M'=0.2M , } 
we have as before 
x=M'+y. (9) 


The method for determining the distribution of y depends on 
whether or not there is an appreciable correlation between ¢ and 
sin \. The-distribution of €/sin ) is statistically equivalent to that 
of V’/cos Xx, where X, is the distance of a radial-velocity star from 
the apex, the signs of V’ and of cos X, being disregarded. We have 
here also to exclude stars for which cos X is small; and if we limit 
ourselves to stars for which cos X, is numerically larger than 0.5, we 
utilize only half of the sky. A somewhat smaller limit is thus 
advisable. 

If the correlation between ¢ and sin ) is inappreciable, we may 
derive separately the distribution of «= V’ and of sin ); and to find 
the distribution of y we combine numerically the two probabilities 
and use the value of V, for the particular range in absolute magni- 
tude. 

The correlation between |e| and sin \ for the proper-motion stars 
is the same as that between |V’! and |cos \| for the radial-velocity 
stars. A glance at the scatter diagram will often tell if any ap- 
preciable correlation exists. 


If no correlation between |V’| and |cos | exists, we may simply 
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form the distribution of V’ from all the radial-velocity stars within 
the spectral range, and also derive the group motion V, and the 
average radial velocity 6 for different groups of absolute magnitude. 
The combined distribution of V’ can then be adjusted to conform to 
the different values of 6 by assuming that the corrections to the 
distribution of V’ are the same as those of a normal error distribu- 
tion when the dispersion is varied. 
The following formula is easily derived: 


dF(e) _ ( e ; \e 


F(e) (30) 


o oe’ 
where oa is the dispersion in the error function. 

Complete equivalence between the distributions of V’ and e¢ is 
difficult to realize, in particular when the stars have a strong galactic 
concentration. If this concentration is very great, the equivalence 
may be good as far as motion parallel to the galaxy is concerned; 
but we cannot directly determine the distribution of radial velocities 
which would correspond to angular motions perpendicular to the 
galactic circle, since the number of stars at the pole of the galaxy is 
insufficient for this purpose. 

The method for finding the logarithmic distribution for very small 
values of the variables is given in Contribution No. 395 for the case 
of a distribution which is constant in the neighborhood of zero. 
In the present case the distribution is not constant near zero, 
but it can be shown that the formula given also holds for a linear 
variation in the neighborhood of zero values. For any variable 
z we therefore assume 


F(z)\dz=k(a.+a,z)dz (—i<z<6). (11) 
Denote the number of z-values numerically less than 6 by n, and 
we find 
= nN 
208° 
Thus 


F(z)dz= =| +3 z )ds : 


0 
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Integration between —z and +3, z being numerically less than 6, gives 


- nz 
F(z)\dz=—— . 
[. —) 


Regarding now all z’s as positive and defining a new variable y by 
the equation 
y=log |z|+a,, 


{ F(y)dy= 5 liad (12) 


which is valid for y <log 6+<a,. 

The derivation of the distribution of M’ is made in exactly the 
same way as for the r-components. An approximate distribution of 
M’ is assumed and combined with the distribution of y to form an 
expected distribution of «. From the differences between the ob- 
served and expected distribution of x, corrections to F(M’) are de- 
rived by a least-squares solution. The process is repeated until a 
satisfactory reproduction of F(«)dx is obtained. 


we find the relation 
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THE DISTRIBUTION OF ABSOLUTE MAGNITUDES 
AMONG M STARS BRIGHTER THAN THE SIXTH 
APPARENT MAGNITUDE AS DETERMINED FROM 
PARALLACTIC AND PECULIAR VELOCITIES' 

By GUSTAF STROMBERG 
ABSTRACT 

1. The distribution of absolute magnitudes among M stars brighter than the sixth 
apparent magnitude has been determined from the distributions of parallactic and pe 
culiar reduced proper motions and the distribution of radial velocities. The methods 
used are described in Mount Wilson Contributions Nos. 395 and 410. The number of 
proper-motion stars used is 247, and of radial-velocity stars 292. 

2. The distribution of absolute magnitudes shows two distinct groups: supergiants 
with a maximum frequency at absolute magnitude —4.5 and ordinary giants around 
magnitude zero. The groups are separated by a clear gap around absolute magnitude 
—3.0. The relative proportions of stars in the two groups are g and gr per cent, re- 
spectively. 

3. Numerical values are given which will enable one to compute the mean absolute 
magnitude from the mean apparent magnitude and the mean of the logarithms of the 
T- or v-components. 

Mount Wilson Contribution No. 395? describes a method for de- 
termining the distribution of absolute magnitudes from the distri- 
bution of angular and linear peculiar velocities. In Contribution No, 
3963 the method was applied to the K and M stars brighter than the 
sixth apparent magnitude. Contribution No. 4104 gives a similar 
method for the parallactic motions. This method, however, is some- 
what more complicated, since both angular and linear parallactic 
motions depend on the position of the star and the computation is 
affected by the existence of several correlations. The method for 
parallactic motions has also been applied to the M stars brighter 
than the sixth apparent magnitude, and the results of an analysis of 
both the parallactic and the peculiar motions are given in this paper. 

All stars in the H.D. Catalogue classified as M type and brighter 
than the sixth apparent magnitude were included in the study. To 
these were added some stars classified as M type by the Mount 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 411. 

2 Astrophysical Journal, 71, 163, 1930. 

3 [bid., p. 175, 1930. 4 Astrophysical Journal, 72, 111, 1930. 
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Wilson observers. The list of radial velocities includes some stars 
down to the seventh apparent magnitude, but since these stars were 
not selected on the basis of large proper motion, their radial velocities 
can still be regarded as representative for the group studied, particu- 
larly since the effect of absolute magnitude is separately determined. 

The proper motions were taken from Boss’s Catalogue. H. Ray- 
mond’s' corrections to the proper motions in declination have been 
applied. The v- and r-components were computed from the equations 





VU =Vibit Vober ; | 
T =V1h2— Yak » | 
A B | 
= att fame ——=—= , ? (1) 
V A?+ B V A?+ B 


A =X sina—y,. cosa, 





B=x, cos a sin 6+, sin a sin 6—z, cos 6. | 
, / 


The proper motions in right ascension (great circle projection) 
and declination are here denoted by yu, and u., respectively; x, and 
Yo are proportional to the components of the solar motion in the 
equatorial system of co-ordinates. A constant apex of a= 270°, 6= 
+30° is assumed throughout. That this apex may not be the best 
obtainable for the stars studied and may vary for the different abso- 
lute magnitudes, is of no importance as long as we use the same apex 
for both proper motions and radial velocities. The number of proper- 
motion stars used was 247; and for each of these the quantity x,= 
log |r|++0.2m was computed, in which the vertical bars indicate that 
the signs are disregarded. After rejecting the stars within 30° of 
the apex and the antapex, 210 stars remained, for which the quan- 
tity x,=log |v|+o.2m—log sin \ was derived, \ being the angu- 
lar distance from the apex. The distributions of x, and x, were then 
derived, the interval used being 0.1. All values of x, and x, less than 
—1.7 were combined in one group and then redistributed according 
to the method described in Contributions Nos. 395 and 410. Apart 
from their effect on the smallest values of 7 and v, the accidental 
errors have.an entirely negligible influence on the distributions. 


* Astronomical Journal, 36, 129, 1926. 
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The radial-velocity stars used were 292 in number. For 250 of 
these, spectroscopic absolute magnitudes were available. The stars 
were collected in four groups according to the spectroscopic absolute 
magnitude. Table I shows the group motion V, and the average 
residual velocity 6. The increase in group motion with absolute mag- 
nitude is noticeable, but not large, as is also the increase in 6 with 
M, although the supergiants seem to have abnormally large peculiar 
velocities. 

The next step was to find if any correlation exists between ¢ 
(linear peculiar tangential motion) and sin \. This correlation is the 
same as that between |V’| (peculiar radial velocity without regard 
to sign) and |cos A|. A scatter diagram for the latter quantities 
showed no appreciable correlation; in fact, the value of @ for |cos X| 
>o.5 is 17.8 km/sec., and for |cos \| <o.5, 0 is 17.6 km/sec. It was 
TABLE I 








M Spec. No J | 
km/sec | km/sec 
ee Oe a ge 41 20.1 17.4 
OG ST Oe Ba od on 41 21.0 | 16.3 
= EER. ORG ad oe | 102 | 23.3 | 17.6 
2 | 20.6 


+o.1 to +0.6...... 66 23. 


therefore possible to derive the distribution of y=log |V,+e/sin X| 
— 1.6756 from the distributions of ¢ and of sin \. Estimates of abso- 
lute magnitude based on spectroscopic determinations and reduced 
total proper motion were made for each star, and appropriate values 
of V, were used to derive the peculiar radial velocities V’. The com- 
bined distribution of V’ for all the M stars together was determined. 
Small corrections to this distribution based on the values for @ in 
Table I were then derived to represent the velocity distribution for 
the different absolute-magnitude groups. Four distributions of V’ 
were thus found which were supposed to be identical with those for 
e. Finally, the distributions of y were derived by combining the 
probabilities of « with those of sin A, with the aid of appropriate 
values of V, for the four groups of absolute magnitude. 

The second and fifth columns of Table II give the results for the 
observed distributions of x, and x., respectively, reduced to a total 
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of 1000 stars. No smoothing has been done except, of course, below 
the limit —1.7. The computed distributions of x, and x, are given 
in the third and sixth columns, respectively. These were derived 
from the last approximation for the distribution of absolute magni- 
tude, which appears in Table IV, combined with the distribution of 








80 


60 


40 











M 





Fic. 1.—Distribution of x,=log r+o0.2m for stars of spectral type M. The dots 
joined by straight lines represent observed numbers within intervals dxy=o.1. For 
x<-—1.7 the dots are not independent observations, but indicate the probable exten- 
sion of the distribution-curve. The smooth full-drawn curve is computed from the 
distributions of absolute magnitudes and peculiar velocities. The dotted curve shows 
the distribution when the supergiants are excluded. 


y in Table III. The fourth and the last columns of Table II show 
the difference between observed and computed distributions. The 
computed distribution-curves are shown in Figures 1 and 2 as con- 
tinuous curves, observed values being indicated by dots connected 
by straight lines. 

Table III shows the distribution of y,=log |V’|—1.6756 and 














122 GUSTAF STROMBERG 


of y,=log |V.+e/sin \|—1.6756. These distributions have been 
smoothed graphically and are reduced to a total of 1000 stars. The 
absolute magnitudes at which the transition from one distribution 
to the next occurs are given at the top between the columns. 
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Fic. 2.—Distribution of x«,=log v+o.2m—log sin \ for stars of spectral type M. 
Similar to Fig. 1, but the computed curve is based on a combination of group motions 
and peculiar velocities. 


At the bottom of Table III are given the mean values of y, and 
y, for the different absolute magnitude groups. These may be used 
for computing mean absolute magnitudes when the mean of the 
logarithms of the 7- or v-components is given. The following for- 
mulae then hold, 


M=5 log r + m--5 i: 
M=s5 logv + m—5 log sinA—5 J, 
The formulae for parallactic motions can be used only if the stars 


are well distributed over the sky, since this assumption is involved 
in the derivation of y,. 
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For values of 7 or v smaller than a certain limit 6 (e.g., 6=07o1), 
the observed values should be replaced by means based on a uniform 
or linear distribution around zero values. Russell’ has proved that 
for a uniform distribution we can then replace each of the small val- 
ues by 6/e, where ¢ is the base of the natural logarithms. It is easily 
shown that the same formula holds for a linear distribution in the 
neighborhood of zero values, when all numbers are regarded as 
positive. 

Table IV gives the final distribution of absolute magnitudes. This 
distribution was found by a simultaneous least-squares solution from 
equations of condition based on both r- and v-components. The 
differences M!—M;{, M;—M; were taken equal to 0.4; that is, the 
interval in M was 2 mag. Four solutions with a shift of o.1 in x 
and y were made simultaneously, with the result that the determina- 
tion of F(M)dM gave values for an interval of 0.5 mag. A curve 
drawn through the points representing the calculated frequencies is 
shown in Figure 3, and the final distribution with an interval of 0.2 
mag. was derived from this curve. 

The distribution of absolute magnitudes shown in Table IV and 
Figure 3 is of great interest. It shows a clear division into two 
groups: supergiants with a mean absolute magnitude of —4.5 and 
ordinary giants with a mean absolute magnitude of about zero. The 


* Publications of the Astronomical Society of the Pacific, 32, 243, 1920. 
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relative proportion of stars in the two groups is 9 and gt per cent, 
respectively. The groups are separated by a clear gap extending 
from —2.5 to —3.5 mag. 

A comparison of the new absolute-magnitude curve with that 
derived from the 7-components alone and published in Contribution 
No. 396' shows a marked difference. The earlier curve of absolute 
magnitude has two maxima, one at —1.6 and the other at —o.1 
mag. The reason for this discrepancy is immediately seen from Fig- 

















—6 —4 —2 fe) +2 M 


Fic. 3.—Distribution of absolute magnitudes for stars of spectral class M.’The 
points are computed from the distribution of reduced r- and v-components. Note the 
two frequency maxima. 


ures 1 and 2 of the present paper. The observed distribution of re- 
duced 7-components in Figure 1 shows a large drop at « = —0.65 to 
x= —o.45 and a subsequent rise to a new maximum at x= —0.3. 
These two maxima in F(«)dx are responsible for the two maxima in 


t Astrophysical Journal, 71, 175, 1930. 
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F(M)dM. No such maxima appear in the distribution of the v- 
components, consequently they cannot be due to a minimum in the 
absolute-magnitude curve at —o.g mag. 

The reproduction of the distribution-curves of the r- and v-com- 
ponents is, of course, not so good as that of the 7-components 
alone in the preceding study. The computed curve now lies above 
the observed distribution of r-components for x < —1.7, and below 
the observed distribution of v-components in the same region. 
It is to be noted that the observed values of F(x)dx for « < —1.7 are 
not independent of one another as are the values of «> —1.7. 

In order to see more easily the effect of the supergiants on the 
distribution of 7- and v-components, I have indicated by a dotted 
smooth curve in Figures 1 and 2 the values of F(x)dx after the 
supergiants have been subtracted. 

The present results are in good agreement with the spectro- 
scopic absolute magnitudes, except that the gap separating the 
supergiants from the giants does not show in the spectroscopic data. 
I have shown’ that the accidental error in the spectroscopic abso- 
lute magnitudes for the supergiant M stars is much larger than for 
the ordinary giants, and the extra dispersion may well obliterate the 
gap in the luminosity-curve. The present value for the absolute 
magnitude of the supergiants is somewhat brighter than that given 
for the spectroscopically determined supergiants, but the difference 
is quite within the uncertainties of both determinations. It is quite 
possible that the true value of the average radial velocity @ for the 
supergiants is somewhat smaller than the adopted value of 17.4 
km/sec. If so, the true mean absolute magnitude for these stars may 
be as much as half a magnitude fainter than the value —4.5 here 


given. 


CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
July 1930 


t Mt. Wilson Contr., No. 327; Astrophysical Journal, 65, 108, 1927. 




















SYSTEMATIC ERRORS IN THE DETERMINATION 
OF THE CONTOURS OF THE HYDROGEN 
LINES IN A STARS 
By EMMA T. R. WILLIAMS 
ABSTRACT 


Evidence is adduced in support of the author’s opinion that the systematic differ- 
ences among the published contours of hydrogen lines are largely due to the judgment 
of the observer in estimating the position of the continuous background across the 
absorption line. 

The exact measurement of absorption line contours in stellar 
spectra is complicated by a number of factors such as resolving 
power, suitable calibration, etc. One of the most troublesome things 
is the determination of the position of the continuous background. 
It is possible, of course, by assuming the distribution of energy to be 
that of a black body, and by assuming a suitable stellar temperature, 
etc., to derive for the particular instrument, air mass, etc., the 
theoretical continuous background by comparison with a terrestrial 
source of known temperature. But the delicacy required in the pro- 
cedure is almost unattainable, and besides it is well known that the 
apparent distribution of energy of many stars is not that of a black 
body. Hence, the procedure which has been followed in most of the 
measurements of the contours of lines so far published has been to 
use personal judgment in drawing in the continuous background. For 
example, this probably gives rise to large systematic errors in the 
measures of the H and K lines of stars of late types, but the part 
played by personal judgment in drawing in the continuous back- 
ground for Hy and H6é in A stars has hitherto been considered to be 
relatively small. 

However, large systematic differences are evident in a comparison 
of the contours recently published by C. T. Elvey’ with those pub- 
lished by the writer.’ It is only to be expected that the central depths 
of the lines, uncorrected for resolving power, as found by Elvey 
using a slit spectrograph with a dispersion of 8 A per millimeter at 
Hy would be considerably deeper than those found by the writer 

t Astrophysical Journal, 71, 191, 1930. 2 Harvard Circular, 348, 1929. 
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using an objective prism with a dispersion of 50 A per millimeter at 
Hy; but generally it has been assumed that the total energy absorp- 
tion of the lines would be unaffected by the dispersion and the re- 
solving power. It appears, however, that the matter of personal 
judgment as to where the continuous background should be drawn 
is, undoubtedly, the source of very large systematic differences in the 
total absorption of energy for A5 and Fo stars, whereas the two 
sets of measures are fairly accordant for B5, B8, and Ao stars. 








TABLE I 
I | 2 | 3 | 4 5 6 
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Column 1 gives the Henry Draper class. 
Column 2 gives the arithmetic mean, together with its probable error, of the ratios 


Central depth of Hy measured by Elvey at Yerkes 


Central depth of Hy measured by the writer 

for all of the non-peculiar stars appearing on both lists. In italics, following, is given 
the number of stars contributing to the mean. 

Columns 3-6 are similar in form to col. 2, but instead of comparing central depths 
of Hy as in col. 2, col. 3 compares the width of Hy at residual intensity equal to 0.90 
as measured by Elvey at Yerkes with those measured by the writer for the same stars; 
col. 4 compares the total absorptions of Hy measured by Elvey at Yerkes with those 
measured by the writer for the same stars; col. 5 compares the total absorptions of Hy 
computed from measures by Elvey at Dearborn with those measured by the writer for 
the same stars; col. 6 compares the total absorptions of Hy measured by Dunham at 
Harvard with those measured by the writer for the same stars. 





In order to compare Elvey’s measures with the writer’s, it should 
be noted that at Hy the unit of total absorption used by the writer 
is 0.188 times that used by Elvey, as is also the unit of line width. 
To compare the line depths, the writer’s central depths have been 
converted into percentage of loss of light. The systematic differ- 
ences mentioned above are shown in the fourth column of Table I. 
To obtain the first line of the fourth column, the ratio of the total 
absorption as found by Elvey to that found by the writer for each 
of the non-peculiar Bs5—B8 stars in common to the two lists was 
found. These were 0.94, 0.98, 0.96, 0.78, and 1.04; the arithmetical 
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mean of these is 0.94, with a probable error of +0.03; which are 
the figures given in the table. The-figures in the other columns 
are obtained in a similar manner. Only three stars, instead of 
five, contribute to the mean in the first line of column 2, since 
Elvey was unable to measure the total loss of light at the center of 
Hv for two of the five stars included in the first line of column 4. 
Column 3 gives the mean of the ratios of the width of Hy at a 
residual intensity (7) equal to 0.90. The values in column 3 are very 
similar to those in column 4, of course, since the width of the line at 
r=0.90 usually gives a fair measure of the total absorption of the line. 

An examination of the items in column 4 leads to the conclusion 
that probably there is no large systematic difference in the total 
absorption in Bs, B8, and Ao stars, but that systematic differences 
begin to appear in A2 and A3 stars and are very considerable in A5 
and Fo stars. This would seem to indicate that the writer draws the 
continuous background systematically higher than does Elvey in 
the case of a star whose continuous background is broken up by 
many fine lines. This is confirmed by the fact that the central depths 
measured by Elvey in A5 and Fo stars are no greater than those 
measured by the writer, who was using much smaller resolving 
power (see col. 2). In the case of the two Fo stars the background 
is drawn about 0.09 mag. higher by the writer than by Elvey. 

That the difficulty is not so much a matter of dispersion as of per- 
sonal judgment is shown by the fact that Elvey’s measures of the 
total absorption of HB and Hy in the solar spectrum are, respec- 
tively, 63 and 59 per cent of the values obtained from Unsdéld’s 
contours of the same lines’ made at Mount Wilson with about thirty 
times the dispersion used by Elvey. 

Column 5 of the table compares the total absorption derived from 
measures which Elvey made at the Dearborn Observatory’ with the 
total absorption found by the writer for the non-peculiar stars which 
appear on both lists. The comparison is made with the writer’s 
measures rather than with Elvey’s more recent measures because 
there are more stars available for the comparison. The Dearborn 
equipment had a slit spectrograph with a dispersion of 39 A per 
millimeter at Hy, this being about one-fifth the dispersion used with 

t Zeitschrift fiir Physik, 59, 353, 193°. 2 Astrophysical Journal, 68, 145, 1928. 
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the Yerkes spectrograph. By comparing corresponding items in 
columns 4 and 5 we see that Elvey measures total absorption rather 
smaller with lower dispersion than with high dispersion. Perhaps, 
however, the published parameters of the Dearborn measures’ are 
not suitable for the computation of total absorptions as we have 
computed them. 

Column 6 gives a comparison of T. Dunham’s measures? of the 
total absorption of Hy with the writer’s. Dunham used the same 
instrumental equipment and method of calibration which were sub- 
sequently used by the writer. For the seven non-peculiar Ao stars 
common to the two lists, the mean ratio of the total absorptions of 
Hy measured by Dunham is 0.86+.02 of the total absorptions for 
the same stars measured by the writer; for the depths of the lines*® 
the ratio iso.g7 +0.01. If the writer had drawn the continuous back- 
ground only .o3 or .o4 mag. lower, or if Dunham had drawn it .o03 
or .o4 mag. higher, the two sets of the total absorptions would have 
been equal as would have been the central depths. 

As a result of these systematic differences, Elvey finds that the 
maximum total absorption of Hy occurs in Ao stars, whereas the 
writer finds it somewhere between Az and As. Moreover, the de- 
termination made by Miss Payne and the writer* of the spectral 
class in which Hy and H6 attain maximum width at various residual 
intensities is possibly greatly affected. Thus, they found that for 
r=o.48 the maximum width occurs at Ao, but for r=o0.96 it occurs 
at types A3—-As5. As pointed out in that paper, if they have drawn 
th: continuous background of the A3—A5 stars systematically 0.06 
mag. higher than for the Ao stars, the maximum width for all 
residual intensities would be found at Ao. 

LEANDER McCorMIcK OBSERVATORY 
UNIVERSITY OF VIRGINIA 
* Elvey published two parameters, J, and k, to characterize each line, and gave the 


equation of the contour of the line as 
T=I,e—k(A—%), 


From this the total absorption expressed in frequency units at Hy is found to be 


I ” td _ I 
22x 108 % A=10.0) . 


2 Harvard Bulletin, 853, 8, 1927. 3 Ibid., 858, 7, 1928. 
4 Monthly Notices of the Royal Astronomical Society, 89, 526, 1929. 
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Astronomy, an Introduction. By RoBert H. BAKER. New York: 
D. Van Nostrand Co., 1930. Pp. xix+521. Figs. 336. $3.75. 
This text will readily commend itself to teachers who give courses of a 

full year in colleges. The subject matter is well chosen, and skilfully 
presented. No knowiedge of mathematics, beyond the minimum of 
algebra, geometry, and trigonometry, which American colleges require, 
is assumed on the part of the reader. Illustrative problems are given in 
connection with such subjects as conversion of time, angular and linear 
dimensions of the heavenly bodies, and stellar magnitudes, but there are 
no review questions at the ends of the chapters. 

In the first chapter are shown forty-nine constellations of the equatorial 
and north-polar regions on small-scale maps. Accompanying these is a 
table of the Latin names of forty-four constellations, with the endings of 
the genitive forms, the English equivalents, declination, and the months 
in which they appear on the meridian in the early evening. No doubt this 
list contains all the groups a student is likely to learn in a first course. 
Yet it seems that space might have been found in the table for all the 
constellations recognized by astronomers. For somewhere in his textbook 
a student should be able to find the relative positions of such frequently 
mentioned objects as the Southern Cross, the Magellanic Clouds, Alpha 
Centauri, and Canopus. 

At the ends of the different chapters are to be found judiciously selected 
references to classical treatises, recent monographs, and the current 
astronomical publications. These will indicate to teachers what their li- 
brary shelves should contain on the subject of astronomy, as well as lighten 
the task of directing the supplementary reading of their students. 

The author has searched the most recent publications for data on live 
questions, including even a summary of what is known about Pluto. The 
book is free from hobbies and pet theories. Matters in controversy and 
hypotheses only tentatively advanced are treated with caution and fair- 
ness. The reader is made to feel that there are still outstanding problems 
in astronomy. 

A brief statement of the Einstein theory of relativity appears in chapter 
iv, together with the three tests for which astronomy offers the only data. 
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The author adds, “‘these have received considerable attention, and in each 
case the observational evidence appears to support the theory of rela- 
tivity.” 

Under the heading ‘Origin of the Solar System” Laplace’s Nebular 
Hypothesis is presented with such obvious sympathy that the reader 
suspects it was reluctantly pronounced untenable in the light of later 
knowledge. The theories of Chamberlain and Moulton, as also those of 
Jeans and of Jeffreys, are set forth but not as by an advocate. 

Are there other planetary systems than that of which the earth is a 
member? The discussion of this question is concluded in these words: 
“Tf the encounter theory is correct, systems of planets are probably rare. 
But in the whole physical universe their number could still be very great, 
and the number of planets capable of supporting life might be very great 


also.”’ 
The structure of the atom and the quantum theory are discussed in 


connection with the study of light. In harmony with the growth of 
knowledge, relatively more space is given to the stars than in the books 
of a generation ago. Magnitude, parallax, proper motion, and radial ve- 


locity receive satisfactory treatment. 

The rapid increase in the number of known double stars, the sig- 
nificance of stellar variation, and even the attacks on the problem of the 
internal constitution of the stars—all call for more space. However, the 
book is not too extensive, and the general reader, no less than the college 
student, will find it fresh and interesting. 

The numerous diagrams are well drawn, and the reproductions from 
photographs are uniformly good. The paper and the binding are of high 


quality. 
W. F. Lone 





